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MAR 1988 NPL CANDIDATI

Facility name: U.S. DOE Hanford 200 Area

Location: Hanford Site

EPA Region: X

Person(s) in charge of the facility: J. J. Keating, Asst. Mr.

Safety, Environment and Security

509 - 376 - 7334

Name of Reviewer: 0. M. Bennett, EPA Region X Date: 8/18/87

General -description of the facility:
(For example: landfill, -surface impoundment, pile, container;-types of
hazardous substances; location of the facility; contamination route of
major concern; types of information needed for rating; agency action,
etc.)

The 200 Area site contains the 216-A-1. 216-A-2. 216-A-4. 216-A-S,

216-A-6, 216-A-7. 216-A-9, 216-A-11, 216-A-12, 216-A-13, 216-A-14,

216-A-15, 216-A-16, 216-A-17, 216-A-18, 216-A-19. 216-A-20, 216-A-21,

216-A-22, 216-A-23A, 216-A-23B, 216-A-24, 216-A-26A, 216-A-27,

216-A-28, 216-A-31. 216-A-32, 216-A-33, 216-A-34, 216-A-35, 216-A-36A,

2164-39 216-A-40 .-f6-A-41, 216-8-2-1, 216-8-2-2. 216-8-3-1,

216-8-3-2. 216-8-4. 216-8-5, 216-8-6, 216-8-7A&B, 216-8-8, 216-8-9,

Scores: SM - 69.05 (5gw - 79.59 Ssw 89.09 Sa = 0.00)

SFE - 0.00

SOC - 0.00

FIGURE 1
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National Priorities List
Superfund hazardous waste site listed under the
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) as amended in 1986

HANFORD 200-AREA (USDOE)
Benton County, Washington

The Hanford 200-Area is in the middle of the 570-square-mile-Hanford Site
approximately 20 miles north of the City of Richland, Benton County, Washington.
Since 1943, Hanford has been the scene of Federal nuclear activities, primarily
production of nuclear materials for national defense.

The U.S. Department of Energy (USDOE) uses the 200-Area for nuclear fuel
reprocessing, finishing, and waste management. Over 230 waste disposal locations
have been identified in the 200-Area. The disposal locations and plumes of
contaminated ground water cover approximately 215 square miles.

An estimated 1 billion cubic yards of solid and dilute liquid wastes
coprised of radioactive, mixed and hazardous constituents were disposed of in
trenches, ditches, and landfills in the 200-Area. USDOE has detected tritium,
iodine-129, uranium, cyanide, and carbon tetrachloride at levels significantly
above background in ground water beneath the area. Over 2,500 people obtain
drinking water fro wells within 3 miles of the 200-Area. Tritium has been
detected in Richland's surface water intakes at levels above background. Surface
water within 3 miles of the 200-Area provides drinking water to 70,000 people
and irrigates over 1,000 acres.

EPA, USDOE, and the Washington Department of Ecology are jointly developing
an action plan that will include the work needed to address this area under the
Superfund program, as well as other work needed to meet permitting, corrective
action, and compliance requirements of Subtitle C of the Resource Conservation
and Recovery Act.

U.S. Environmental Protection Agency/Remedial Response Program



NPL CANDIDATi
Upoaw #

Facility name: U.S. DOE Hanford 200 Area

Location: Hanford Site

EPA Region: X

Person(s) in charge of the facility: J. J. Keating, Asst. Mr.

Safety, Environment and Security

509 - 376 - 7334

Name of Reviewer: D. M. Bennett, EPA Region X Date: 8/18/87

General description of the facility:
(For example: landfill, surface impoundment, pile, container;-types of
hazardous substances; location of the facility; contamination route of
major concern; types of information needed for rating; agency action,
etc.)

The 200 Area site contains the 216-A-1, 216-A-2, 216-A-4. 216-A-5,

216-A-6, 216-A-7, 216-A-9, 216-A-11, 216-A-12, 216-A-13, 216-A-14,

216-A-15, 216-A-16, 216-A-17, 216-A-18, 216-A-19, 216-A-20, 216-A-21,

216-A-22, 216-A-23A, 216-A-238, 216-A-24, 216-A-26A, 216-A-27,

216-A-28. 216-A-31, 216-A-32, 216-A-33, 216-A-34, 216-A-35, 216-A-36A,

216-A-39, 216-A-40, 216-A-41, 216-B-2-1. 216-8-2-2, 216-8-3-1,

216-B-3-2. 216-B-4, 216-8-5, 216-B-6. 216-9-7A&B, 216-8-8. 216-8-9,

Scores: SM - 69.05 (Sgw - 79.59 Ssw - 89.09 Sa - 0.00)

SFE - 0-00

SDC - 0.00

FIGURE 1
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216-B-10A, 216-B-108, 216-B-11A&B, 216-B-12, 216-8-13, 216-B-14,

216-8-15, 216-B-16, 216-B-17, 216-B-18, 216-8-19, 216-8-20, 216-8-21,

216-8-22, 216-B-23, 216-B-24, 216-B-25, 216-8-26, 216-8-27, 216-B-28,

216-B-29, 216-B-30, 216-8-31, 216-8-31, 216-8-32, 216-B-33, 216-B-34,

216-B-35, 216-9-36, 216-B-37, 216-B-38, 216-B-40, 216-B-41, 216-8-42,

216-B-43, 216-B-44, 216-B-45, 216-6-46, 216-B-47, 216-8-48, 216-B-49,

216-B-50, 216-8-51, 216-B-52, 216-8-53A, 216-8-538, 216-8-54, 216-8-57

216-8-58, 216-B-60, 216-C-1, 216-C-3, 216-C-4, 216-C-5, 216-C-6,

216-C-8, 216-C-10, 218-E-1, 218-E-2, 218-E-2A, 218-E-3, 218-E-4,

218-E-5, 218-E-5A, 218-E-6, 218-E-7, 218-E-8, 218-E-9, 218-E-12A,

218-E-13, 218-E-14, 200 East Burning Pit, 200 East Construction Pit,

216-N-1, 216-N-2, 216-N-3, 216-N-4, 216-N-5, 216-N-6, 216-N-7,

216-S-1&2, 216-5-3, 216-5-4, 216-S-5, 216-S-6, 216-S-7, 216-S-8,

216-S-9, 216-5-11, 216-5-12, 216-S-13, 216-S-14, 216-S-15, 216-S-16p,

216-S-16D, 216-5-17, 216-S-18, 216-S-20, 216-S-21, 216-S-22, 216-S-23,

216-T-2, 216-T-3, 216-T-4-1(D), 216-T-4-1(P), 216-T-4-2(D), 216-T-5,

216-T-5, 216-T-6, 216-T-7, 216-T-8, 216-T-9, 216-T-10, 216-T-11,

216-T-12, 216-T-13, 216-T-14, 216-T-15, 216-T-16, 216-1-17, 216-T-18,

216-T-19, 216-T-20, 216-T-21, 216-T-22, 216-T-23, 216-T-24, 216-T-24,

216-T-25, 216-T-26, 216-T-27, 216-T-28, 216-T-29, 216-T-30, 216-T-31,

216-T-32, 216-T-33, 216-T-34, 216-T-35, 216-T-36, 216-U-1&2, 216-U-2,

216-U-3, 216-U-4, 216-U-4A, 216-U-4B. 216-U-5, 216-U-6, 216-U-7,

216-U-8, 216-U-9, 216-U-11, 216-U-13, 216-U-15, 216-U-15, 216-Z-1A,

216-Z-1(0), 216-Z-1&2, 216-Z-3, 216-Z-4, 216-Z-5, 216-Z-6, 216-Z-7,

-216-Z-3, 216-Z-9, 216-Z-O, 216-Z-6-Z-12, -216-1-16, -216-2-17,

FIGURE 1 (Continued)
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216-Z-18, 218-W-1, 218-W-1A, 218-W-2, 218-W-3, 218-W-4A, 218-W-7,

218-W-8, 218-W-9, 218-W-11, Non-Rad Burial Ground, 200-West Burning Pit

Z-Plant Burnina Pit, 618-10, 618-11, P-11 Crib, 213 J and K Cribs,

J. A. Jones No. 1, Original Central Landfill. The above 600 numbered

sites were included in the 200 Area because they are located within the

defined boundaries of the 200 Area. The ground water and surface water

are the routes of major concern. The individual sites listed above are

either surface impoundments (i.e., trenches or ditches) or landfills

(i.e., land disposal). The 200 Area-is located approximately 20 miles

north of the City of Richland.

FIGURE 1 (Continued)
HRS COVER SHEET



HRS Ground Water Route Work Sheet

Site: U.S. DOE Hanford 200 Area 8/18/87
-- ------------- M------------------------M- ----

Assigned Multi- Max. Ref.
Rating Factor Value plier Score Score (Section)

= = = =============== = ========ss===========szsf=====ass=====

1. Observed Release 45 1 45 45 3.1
-M -bs- -- s ------------ ------ - -------- --------------
If observed release is given a score of 45, proceed to line 4.
If observed release is given a score of 0, proceed to line 2.

------ ---------- - m------- --------- m------------------

2. Route Characteristics 3.2
Depth to Aquifer of Concern 0 2 0 6
Net Precipitation 0 1 0 3
Permeability of the 0 1 0 3
Unsaturated Zone

Physical State 0 1 0 3

Total Route Characteristics Score 0 15

3. Containment 0 1 0 3 3.3

4. Waste Characteristics 3.4
Chemical
a. Toxicity/Persistence 18 1 18 18

Hazardous Waste Quantity 8 1 8 8

Total Waste Characteristics Score 26 26

5. Targets 3.5
Ground Water Use .- 3 3 9 9
Distance to Nearest Well/ 30 1 30 40
Population Served

Total Targets Score 39 59
------ ----------------------------- ----------------
6. If line 1=45 (1x4x5)

If line 1=0 (2x3x4x5) 45630 57330
. --- / -----------733- *---)--------------- ----------

7. Line 6/57330 * 100 Sc(gw)= 79.59 1\IVLL

M --- m m---------------- ------------------------------ ------- ---- f(



HRS Surface Water Route Work Sheet

Site: U.S. DOE Hanford 200 Area 8/18/87
--------------------------------------------------------------------

Assigned Multi- Max. Ref.
Rating Factor Value plier Score Score (Section)

1. Observed Release 45 1 45 45 4.1
--------------------------------- ------------------------------

If observed release is given a score of 45, proceed to line 4.
If observed release is given a score of 0, proceed to line 2.

---------------------- ---------------------- ------------ --------
2. Route Characteristics 4.2

Facility Slope & Intervening 0 1 0 3
Terrain
1-yr. 24-hr. Rainfall 0 1 0 3
Distance to Nearest Surface 0 2 0 6
Water
Physical State 0 1 0 3

Total Route Characteristics Score 0 15

3. Containment 0 1 0 3 4.3

4. Waste Characteristics 4.4
a. Chemical.
Toxicity/Persistence 18 1 18 18
Hazardous Waste Quantity 8 1 8 8

Total Waste Characteristics Score 26 26

5. Targets 4.5
Surface Water Use 3 3 9 9
Distance to a Sensitive 0 2. 0 6
Environment

Population Served/Distance 40 1 40 40
to Water Intake
Downstream

Total Targets Score 49 55
-- -------------------- -----MMmm----------------------
6. If line 1=45 (1x4x5)

If line 1=0 (2x3x4x5) 57330 64350
7- n4-------3 * -------- s ----------- ---------- ------------
7. Line 6/64350 * 10Sc(sw)= 89.09
-- ------- ----- M------- -- m-----------M--- m------------ -------



NRS Air Route Work Sheet
mass s. . az..a. ssssnsstmwsg

ROUTE NOT SCORED
--------------- -------------------- ------

Assigned Multi- Max. Ref.
Rating Factor Value plier Score Score (Section)
.... . ....s. a * .s a s a m.smammas= ==.=

1. Observed Release 0 1 0 4S 5.1
-- m---w--w----------------- m--------------------------------
Date and Location:

M --- w------------- ------------ ----------------- ------
Sampling Protocol:

------- -------------------- m--------------- -------------
If observed release is given a score of 45,'proceeS-to line 2. -
If observed release is given a score of 0, the Sa=0. Enter on Line 5.

---WW---w--- ----------------- m--- m---------------- ------- ----

2. Waste Characteristics

a. Chemical
Reactivity and
Incompatibility

Toxicity
Hazardous Waste Quantity

0

0
0

1 0 3

3
1

0
0

9
8

Total Waste Characteristics Score .0 20

5.2

3. Targets 5.3

Population Within 4-Mile
Radius

Distance to Sensitive
Environment

0

0

1 0 3D

2 0 6

Land Use 0 1 0 3

Total Targets Score 0 39

---------- w ----------------------------------------------------------------

5 :_ Line 4135100 100 Sc (a) 0.00 1Z,
- ---- ------- - --- ------ ---- -----------

4. Multiply I x 2 x 3 0 35100



S Sz

Groundwater Route Score (Sgw) 79.59 6334.57

Surface Water Route Score (Sgw) 89.09 7937.03

Air Route Score (Sa) 0.00 0.00

S + 2 +Sa - 14271.60

7r2 - 119.46
S2 + Ss + SaQW SW S /1.73 __SM__69.05

%"-rW 5 SWl Sa / 1.73 - SM 690

FIGURE 10
WORKSHEET FOR COMPUTING SM



DOCUMENTATION RECORDS
FOR

HAZARD RANKING SYSTEM

INSTRUMENTATIONS: As briefly as possible summarize the information you used
to assign the score for each factor (e.g., "Waste quantity = 4,230 drums plus
800 cubic yards of sludge"). The source of information should be provided
for each entry and should be a bibliographic-type reference, include the
location of the document.

FACILITY NAME: U.S. DOE Hanford Site - 200 Area

LOCATION: Hanford Site, Benton County, Washington

DATE SCORED: August 18, 1987

PERSON SCORING: R. D. Stenner, Pacific Northwest Laboratory for DOE

PRIMARY SOURCE(S) OF INFORMATION (e.g., EPA region, state, FIT, etc.):

The information was taken from Department of Energy documents and databases
associated with the Hanford site, as well as from other publicly available
documents addressing conditions at or in the vicinity of the Hanford Site.
Information was also gathered through telephone and personal communications
with responsible individuals (such information is referenced accordingly in
tha pnckUgn).

FACTORS NOT SCORED DUE TO INSUFFICIENT INFORMATION:

Even though air concentrations of some of the constituents of interest can be
detected above background offsite, no air monitoring data was found
sufficient for HRS scoring of the Hanford CERCLA sites. These constituents
of interest detected above background offsite are present in the routine
gaseous effluents from operating facilities at Hanford. Therefore, the air
route rating factors were not scored.

COMMENTS OR QUALIFICATIONS:

The Department of Energy has completed a preliminary assessment of the
hazardous waste sites located on the Hanford Site. This work served as the
primary basis of developing the scores for the aggregate 200 Area Site.
These preliminary assessment efforts are documents in the 'Draft Phase I
Installation Assessment of Inactive Waste-Disposal Sites at Hanford" volumes
and respective addenda which are referenced throughout this package.



GROUND WATER ROUTE

I OBSERVED RELEASE

Contaminants detected (5 maximum):

An observed release to the ground water from the 200 Area can be verified
using several selected constituents. For the purpose of documenting observed
release from the 200 Areas, five substances have been selected. These
substances are tritium (H-3), iodine-129 (1-129), uranium (U), cyanide (CN-)
and carbon tetrachloride (CC14). The Hanford Ground Water Data Base lists
carbon tetrachloride as tetrane. Five substances were selected for evidence
of observed release due to the variety of chemical processes utilized within
the 200 Area. Tritium and 1-129 are included as indicators of maximum areal
extent of contamination while uranium, cyanide and carbon tetrachloride are
included to identify isolated contaminant plumes associated with individual
processes. Comparison of background and down gradient concentrations can be-
illustrated for each of the constituents selected. The following tables
present the data for each of,thp constituents and their background and down
gradient concentrations.

200 Area Concentrations for Tritium

BACKGROUND
Concentration

Date Well (pCi/L)

2/4/86 6-25-55 -320(a)

DOWN GRADIENT
Concentration

Date Welt (pCi/L)

3/13/86
2/4/86
3/5/84

6-35-70 1,600,000
6-37-43 22,000
481 Bldg Tap 35,400

(a) The negative value means that the concentration is less than detection
limit.

200 Area Concentrations for Iodine-129

BACKGROUND
Concentration

Date Well (pCi/L)

5/29/86 6-25-55 0.000094

DOWN GRADIENT
Concentration

Date Well (pCi/L)

6/6/86 699-32-22 4.89

2
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200 Area Concentrations for Uranium

BACKGROUND
Concentration

Date Well (pCi/L)

2/3/87 6-55-89 1.06

DOWN GRADIENT
Concentration

Date Well (pCi/L)

3/11/87 2-W19-3
7/22/87 2-W19-9

14,900
2748

200 Area Concentrations for Cyanide

BACKGROUND
Concentrati on

Date Well (ug/L)

3/25/87 6-51-75 < 10

DOWN GRADIENT
Concentration

Date Well (sq/I)

3/19/87 6-50-53 405

200 Area Concentrations for Carbon Tetrachloride

Date

3/25/87
2/4/87

BACKGROUND
Concentration

Well (g/IL)

6-51-75
6-25-55

DOWN GRADIENT
Concentration

Date Well (gq/L)

< 10 3/16/87 2-w10-4
< 10

2000

Additional well locations have been identified that contain these
constituents, but further evidence of observed release is unnecessary.

Reference 2, page 3.14; Reference 7, pages 92, 144,220, 229, 232, 238, 248,
252, 254, 259; Reference 8, 481 Bldg Tap Water Sample Report; Reference 22;
Reference 23; Reference 24; Reference 25; Reference 26; Reference 27

Rationale for attributing the contaminants to the facility:

The rationale for attributing the five substances to the 200 Area requires a
brief discussion of each constituent. Tritium and Iodine-129 are fission
products that are released as a result of irradiated fuel reprocessing. Both
of these constituents are highly mobile in the Hanford environment and are
used as indicators of extent of contamination. Localized uranium
contamination in the 200 Area is due to the uranium recovery operation
performed at U-Plant. Use of ferrocyanide, a complex cyanide compound, to
precipitate cesium during uranium recovery operations has also been
documented. Carbon tetrachloride was used in a solvent extraction process in
the plutonium finishing plant. Spent solvent from the process was
subsequently -disposed of into adjacent facilities---The -concentrations shown
in the above tables for down gradient wells are significantly higher than the
concentrations shown for the back ground wells.

Reference 2, page 3.18-3.20, Reference 1, page 2.20, 2.22-2.23, 3.10;
Reference 21, pages 637-638, 369-370
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2 ROUTE CHARACTERISTICS

Deoth to Aquifer of Concern

Name/description of aquifer(s) of concern:

The aquifer of concern is comprised of the unconfined aquifer and the
Rattlesnake Ridge interbed.

In general, the unconfined or water table aquifer is located in the Ringold
Formation and glacio fluvial sediments known as the Hanford Formation, as
well as some more recent alluvial sediments in areas adjacent to the Columbia
River. It is bounded below by either the basalt surface or, in places, the
relatively impervious clays and silts of the lower unit of the Ringold
Formation. Laterally, the unconfined aquifer is bounded by the anticlinal
basalt ridges that ring the basin. The Yakima and Columbia Rivers, however,
do not entirely transect these sediments and therefore do not constitute a
discontinuity for HRS scoring purposes. The basalt ridges above the water
table have a low permeability and act as a barrier to lateral flow of the
ground water. The saturated thickness of the unconfined aquifer is greater
than 61 m in some areas of the Hanford Site and pinches out along the flanks
of the basalt anticlines.

There is a series of confined aquifers in the interflow zones and interbeds
between the dense basalt flows that underlie the sediments containing the
unconfined aquifer. When postglacial flood waters and the ancestral Columbia
River flowed between Gable Mountain and Gable Butte, which are part of the
Umtanum-Gable anticline, portions of the Elephant Mountain basalt flows
separating the unconfined or confined aquifers were eroded creating "windows"
to the lower beds. Later the water table rose to levels exceeding the
potentiometric surface of the upper confined aquifer, i.e., the Rattlesnake
Ridge aquifer. Thus, these erosional windows provide direct connection
between the unconfined and Rattlesnake Ridge aquifers. In this area, the
Rattlesnake Ridge interbed begins at 166 feet and ends at 216 feet below
ground surface. Well 699-35-70, which has an observed release for tritium,
has a first screened depth of 235 feet which is part of the aquifer of
concern.

Several other aquifers lie below the Rattlesnake Ridge interbed including the
Selah, Cold Creek and Mabton. Borings in the Gable Mountain, Gable Battle
area, which support the existence of the erosional windows, do not
conclusively demonstrate whether other interbeds besides the Rattlesnake are
connected to the unconfined aquifer. Although sampling of the confined
aquifers shows that iodine 129 is present at depths of 1,400 feet below
ground surface, the data supporting these findings are- insufficient to
determine whether the iodine is present in the interbeds as a result of
migration or as a result of contamination introduced during drilling.
Therefore, further study is necessary to determine the degree of-
interconnection.

Reference 2, page 2.1-2.7; Reference 13, page 3.13, Reference 31;
Reference 35
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Depth(s) from the ground surface to the highest seasonal level of the
saturated zone [water table(s)] of the aquifer of concern:

Not applicable.

Depth from the ground surface to the lowest point of waste disposal/storage:

Not applicable.

2c



Net Precipitation

Mean annual or seasonal precipitation (list months for seasonal):

Not applicable.

Mean annual lake or seasonal evaporation (list months for seasonal):

Not applicable.

Net precipitation (subtract the above figures):

Not applicable.

Permeability of Unsaturated Zone

Soil type in unsaturated zone:

Not applicable.

Permeability associated with soil type:

Not applicable.

Physical State

Physical state of substances at time of disposal (or at present time for
generated gases):

Not applicable.

3



3 CONTAINMENT

Containment

Method(s) of waste or leachate containment evaluated:

Not applicable.

Method with highest score:

Not applicable.

4 WASTE CHARACTERISTICS

Toxi-city--and -Persi stence

Compound(s) evaluated:

The 200 Area is used to process irradiated uranium fuel to recover plutonium.
The area is also used to process and store waste generated during fuel
processing. Substances associated with the 200 Area activities are:

dibutyl butyl phosphonate
nitric acid
kerosene
phosphates
sulfuric acid
fluoride
sodium aluminate
methyl isobutyl ketone (MIBK)
aluminum fluoride nitrate
calcium nitrate
magnesium nitrate
H-3
Sr-90
Cs-137
Pu-240

tributyl phosphate
sodium dichromate
ammonium carbonate
sodium oxalate
ferrocyanide
sodium silicate
sodium nitrite
ferrous sulfamate
carbon tetrachloride
aluminum nitrate
ferric nitrate
Co-60
Ru-106
Pu-239
uranium

Reference 1, pages 2.15-2.23; Reference 21, pages 213-662. (These pages from
Reference 21 are not included in the package. Please consult the referenced
document using the list of individual sites listed on the cover sheet of this
package for verification of which individual sites contain which substances.)
Also, see Table 1.

1"V
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Compound with highest score:

Several of the constituents listed above are assigned scores of 18. For
example:

Constituent Toxicity Persistence Total Score

Plutonium-239 3 3 18
Plutonium-240 3 3 18
Uranium 3 3 18
Sodium dichromate 3 3 18

Reference 4, pages 794-797 ; Reference 40.

Hazardous Waste Quantity

Total quantity of hazardous substances at the facility, excluding those with
a containment score of 0 (Give a reasonable estimate even if quantity is
above maximum):

The total waste quantity associated with the aggregate 200 Area is at least
935,149,000 cubic yards. Table 1 presents the individual liquid sites that
are located within the physical confines of the 200 Area fences and the
associated data that were used in creating the aggregate 200 Area Site.
Table 2 presents the solid waste sites located within the physical confines
of the 200 Area fences and their associated data. Also presented in Table 2
are several individual sites and their associated data that are physically
located outside of the 200 Area fences, but located within the defined
boundaries of the aggregated 200 Area Site. The total quantity of waste
associated with the sites listed in Table 1 and Table 2 is 935,000,000 cubic
yards and 149,000 cubic yards, respectively. -

References are listed in Tables I and 2 by waste site, Reference 37.

Basis of estimating and/or computing waste quantity:

The 200 Area is used to process irradiated uranium fuel for the recovery of
plutonium. Additionally the 200 Area is used to process and store waste.
There are eight different operational areas within the aggregate 200 Area,
PUREX Plant, B Plant, Semiworks and Critical Mass Laboratory, 200 North Area,
REDOX Plant, T Plant, Plutonium Finishing Plant (PFP) (formally known as Z
Plant). These eight operational areas are individually described below.

4'
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TABLE 1. Basis of Estimating and/or Computing Waste Quantity - 200 Areas

Area No. and Name

200 Area acidic process
condensate disposal cribs,
216 series, Nos. A-5,
A-15, C-1, C-6, C-10,
S-1 & 2, S-7, S-9, S-23
and U-8 (8 areas)

200 Area Bismuth Phosphate
Plant first cycle waste
trenches, 216 series, Nos.
B-35 through B-41, T-14
through T-17 and T-21
through T-25 (16 cribs)

200 Area Bismuth Phosphate
Second Cycle and 224 Waste
Cribs, 216 series, Nos.
B-5, B-7A and B, B-8,
T-3, T-5, T-6, T-7 and
T-32

Waste Types

Process condensate
waste water containing
nitric acid (p1C2),
11-3, Sr-90, Pu-239,
Cs-137, Co-60 and
U-238.

First cycle waste
contained sodium
salts, fluoride,
nitrate, sulfate
phosphate, aluminate
and radionuclides,
H-3, Sr-90, Pu-239,
Cs-137, Co-60 and
U-238.

Second cycle and 224
waste contained sodium
salts, fluoride,
oxalate, nitrate,
sulfate phosphate,
ammonium nitrate and
radionuclides Sr-90,
Pu-239, Cs-137, Co-60
and U-238.

-1)

Estimated Volume
Years (liters)

1952-1972 2,680,000,000

1953-1954 34,100,000

1945-1955 299,000,000

No. of
Cubic Yds

3,510,000

44,600

391,000

References

1, pages B.15
and B.17;
21, pages 219,
220, 235, 236,
401, 402, 409,
410, 465, 466,
475, 476, 479,
480, 505, 506,
597, and 598

1, pages 9.15
and B.17;
21, pages 353-
365, 535-542 and
549-458

1, pages B.15
and 0.17;
21, pages 291,
292, 295, 296,
297, 298, 509,
510, 517-522,
571 and 572
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Area No. and Name

200 North Area basin water
ponds and cribs, 216
series, Nos. N-I through
N-7 (7 areas)

200 Area scavenged TBP
supernatant waste cribs
and trenches, 216 series,
Nos. B-14 through B-34,
B-42 through B-49, B-51,
B-52, T-18 and T-26
(33 areas).

200 Area tributyl
phosphate solvent waste
cribs, 216 series,.Nos.
A-2, A-7, A-31, C-4 and
U-is (5 cribs)

Waste Types

Fuel storage basin
water containing
radionuclides Sr-90,
Pu-239, Cs-137 and
U-238.

Scavenged TBP waste
contained sodium
salts, nitrate,
sulfate, phosphate,
and ferrocyanide and
radionuclides H-3,
Sr-90, Pu-239,
Cs-137, Co-60 and
U-238.

Tributyl phosphate
solvent wastes
contained tributyl
phosphate and a
paraffin hydrocarbon
solvent and
radionuclides Sr-90,
Pu-239, Cs-137, Co-60
and U-238.

Years

1944-1952

1953-1958

Estimated Volume
(liters)

2,870,000,000

167,000,000

1955-1966 682,000

No. of
Cubic Yds

3,760,000

219,000

893

References

21, pages 449-
462

1, pages B.15
and IB.17
21, pages 311-
352, 367-382,
385, 386, 387,
388, 543, 544,
559, 560

1, pages B.15
and B.17;
21, pages 215,
216, 223, 224,
263, 264, 405,
406, 605 and 606
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Area No. and Name

200 Area ammonia scrubber
and alkaline condensate
waste cribs, 216 series,
Nos. A-36A, B-12, B-50,
S-3, S-12 and S-21
(6 cribs)

200 Area analytical
laboratory liquid waste
cribs, 216 series, Nos.
A-4, A-21, A-27, 8-6,
B-10A, T-2 and T-8
(7 cribs)

Waste Types

Ammonia scrubber and
alkaline condensate
wastes contained
ammonium nitrate
(except S-3) and
radionuclides H-3,
Sr-90, Pu-239,
Cs-137, Co-60 and
U-238. Wastes
disposed to 216-S-3
contained sodium salts
of dichromate,
nitrate, aluminate and
hydroxide.

Laboratory waste
contained nitric acid
and sulfuric acid
(neutralized with NaOH
at 'A' cribs) and
sodium dichromate.
Radionuclides include
Sr-90, Pu-239, Cs-137,
Co-60 and U-238.

Years

1952-1973

Estimated Volume
(liters)

667,000,000

1945-1970 130,000,000

No. of
Cubic Yds

873,000

170,000

References

1, pages B.15
and B.17;
21, pages 273,
274, 307, 308,
383. 384, 483
and 484.

1, pages 8.15
and B.17;
21, pages 217,
218, 247, 248,
259, 260, 293,
294, 301, 302,
507, 508, 523
and 524.
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Area No. and Name

200 Area steam condensate
and/or cooling water
disposal areas, 216
series, Nos. A-11, A-12,
A-32 through A-35, A-40,
S-5, S-6, S-16P, S-16D,
S-17, T-4-1(0), T-4-1(P),
U-9, U-11, Z-I(D), Z-11,
T-4-2 (19 areas)

200 Area Z Plant waste
water disposal areas, 216
series, Nos. Z-IA,
Z-142, Z-3 and Z-12
(4 areas)

Waste Types'

Steam condensate'
and/or cooling water
containing nitrate and
radionuclides H-3,
*Sr-90, Pu-239,
Cs-137, Co-60 and
U-238.

Z Plant waste water
contained sodium
nitrate, fluoride, and
radionuclides Pu-239,
Sr-90, Cs-137 and
U-138.

Years

1944-1979

1949-1973

Estimated Volume
(liters)

98,600,000,000

499,000,000

No. of
Cubic Yds

129,000,000

653,000

References

1, pages B.15
and B.17;
21, pages 227,
228, 229, 230,
265 through 272,
277, 278, 471,
472, 473, 474,
491, 492, 493,
494, 495, 496,
511, 512, 513,
514, 599, 600,
601, 602, 609,
610, 629, 630,
515, 516.

1, page B.17;
21, pages 607,
608, 611, 612,
613, 614, 631
and 632.
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Area No. and Name

200 Area plutonium
recovery plant waste water
cribs, 216-Z-9 and
216-Z-18.

200 Area caustic waste
areas, 216-T-33, 216-T-36
and 216-Z-8.

Waste Types

Plutonium recovery
plant waste water
contains sodium salts,
nitrate, sulfate,
aluminum fluoride
nitrate, aluminum
nitrate, magnesium
nitrate and calcium
nitrate. The waste
discharged to the
216-Z-18 also con-
tained carbon tetra-
chloride, tributyl
phosphate and dibutyl
butyl phosphorate.
Radionuclides include
Pu-239 in both cribs
and Sr-90, Cs-137,
Co-60 and U-238 in
216-Z-9.

Caustic waste water
containing sodium
hydroxide and
radionuclides Pu-239
in all three areas and
Sr-90, Cs-137, Co-60
and U-238 in 216-T-33
and 216-T-36.

Years

1955-197:3

1955-1969

Estimated Volume
(Iiters)

7,950,000

2,430,000

No. of
Cubic Yds

10,400

3,180

References

1, page B.17;
21, pages 625,
626, 637 and
639.

1, page 8.17;
21, pages 573,
574, 579, 580,
623 and 624.

-a-
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,Area No. and Name

200 Area chemical sewer
areas, 216-B-21, 216-B-2-2
and 216-S-11.

200 Area cribs that
received 300 Area crib
waste, 216 series, Nos.
B-53A, 8-538, 8-54, T-27,
T-34 and T-35 (7 cribs)

200 Area A-Tank Farm
condensate crib, 216-A-24

Waste Types

Chemical sewer dis-
charged unknown
quantities of chemi-
cals plus radio-
nuclides Sr-90,
Pu-239, Cs-137 and
U-238.

300 Area crib waste
contained nitrate and
radionuclides Sr-90,
Pu-239, Cs-137, Co-60
and U-238.

A-Tank Farm condensate
contained butyl
phosphates, paraffin
hydrocarbon, ammonium
carbonate and radio-
nuclides H-3, Sr-90,
Pu-239, Cs-137, Co-60
and U-238.

Estimated Volume
Years (liters)

1945-1965

1962-1967

1958-1966

304,000,000,000

31,800,000

820,000,000

No. of
Cubic Yds

398,000,000

41,000

1,020,000

References

1, pages B.15
and B.17;
21, pages 282,
283, 284, 285,
481 and 482.

1, pages B.15
and B.17;
21, pages 389-
394, 561, 562.
575, 576, 577
and 578.

1, page 8.15;
21, pages 255
and 256.

-:;e 65
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Area No. and Name

200 Area Redox hexone-
bearing wastes, 216-S-13
and 216-S-14

200 Area, 221-U, 222-U and
224-U liquid wastes
disposed to 216-U-142 and
216-U-4A cribs

Waste Types

Sodium hexone-bearing
wastes containing
methyl isobutyl ketone
and radionuclides
Sr-90, Pu-239,
Cs-137, Co-60 and
U-238. In addition to
the above, waste
disposed to 216-S-13
contained aqueous
sodium nitrate and
sodium dichromate.

U Area wastes
containing sodium
nitrate and sodium
phosphate and
radionuclides U-238,
Sr-90, Cs-137, Co-60
and Pu-239. Crib
216-U-1 & 2 also
received sodium
sulfate.

Years

1951-1972

1951-1970

Estimated Volume
- liters)

5,010,000

160,000,000

No. of
Cubic Yds

6,560

209,000

References

1, page B.17;
21, pages 485,
486, 487 and
488.

1, page 8.17;
21, pages 581,
582,:587 and
588.
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Area No. and Name

200 Area miscellaneous
liquid wastes, 216 series,
A-1, A-6, A-9, A-13, A-14,
A-16, A-17, A-18, A-19,
A-20, A-22, A-23A, A-23B,
A-26A, A-28, A-39, A-41,
0-3-1, B-3-2, B-4, B-9,
B-108, B-IIA A B, B-13,
B-57, C-3, C-5, C-8, S-4,
S-8, S-15, S-18, S-20,
S-22, T-9, T-10, T-11i,
T-12, T-13, T-20, T-28,
T-29, T-30, U-3, U-4,
U-4, U-5, U-6, U-7,
0-13, Z-4, Z-5, Z-6,
Z-10, Z-16, Z-17
(55. areas)

Waste Types

Miscellaneous waste-
waters containing
nitrate and radio-
nuclides Sr-90,
Pu-239, Cs-137,
Co-60, and U-238. In
addition, areas
216-A-9. 216-S-4. and
216-T-30 received H-3.

Years

1945-1979

Estimated Volume
(liteLrs)

303,000,000,000

No. of
Cubic Yds

397,000,000

References

1, pages 8.15
and 8.17;
21, pages 213,
214, 221, 222,
225, 226, 231-
234, 237-246,
249-258, 261,
262, 275, 276,
279, 280, 285-
290, 299,300,
303-306, 309,
310, 395, 396,
403, 404, 407,
408, 411, 412,
469, 470, 477,
478, 489, 490,
497-500, 503,
504,:525-534,
547, 548, 563-
570, 583-586,
589-596, 603,
604, 615-620,
627, 628 and
633-636.

935,000,000 yd3TOTAL

4i
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TABLE 2. Basis of Estimating and/or Computing Waste Quantity - 200 Areas

Area No. and Name

200 Area dry waste burial
site, 218 series, Nos.
E-1, E-2, E-3, E-5, E-6,
E-7, E-8, E-12A, W-1, W-2,
W-3, W-4A, W-7 and W-8

200 Area regulated
equipment burial site, 218
series, Nos. E-2A, E-5A,
E-9, E-14, W-1A, W-9 and
W-11

200 Area repair and
construction waste burial
sites 218-E-4 and
218-E-13.

Waste Types

Dry waste containing
radionuclides Sr-90,
Pu-239, Cs-137 and
U-238.

Discarded process
equipment containing
radionuclides SR-90,
Pu-239, Cs-137 and
U-235.

Repair and
construction waste
containing
radionuclides SR-90,
Pu-239, Cs-137 and
U-238.

Years

1944-1968

Estimated Volume
(ft3)

2,960,000

1944-1964 960,000

1955-1966 58,400

No. of
Cubic Yds

110,000

36,000

2,200

References

1, pages B.15
and B.17;
21, pages 415-
418, 421, 422,
425, 426, 429-
434, 437, 438,
639, 640, 643-
652.
5, Section
I NW; and 6.

1, pages B.15
and 8.17;
21, pages 419,
420, 427, 428,
435, 436, 441,
442, 639, 640,
653, 654, 655
and 565;
5, Sections I
NW, I SE; and 6.

1, pages B.17;
21, pages 423,
424, 439 and
440;
5, Section I NW.
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Area No. and Name

200 Area burning pits
200E, 200W, and Z Plant

200 Area nonradioactive
repair and construction
waste burial sites,
construction pit and
nonradioactive burial
ground

600 Area dry waste burial
sites 618-10 and 618-11

Waste Types Years

200E and 200W received 1950-1970
construction and
office wastes plus
paint waste and
chemical solvents.
Z Plant received
office and laboratory
waste.

Construction pit
received broken
concrete and the
nonradioactive burial
ground received
unusable plumbing
materials. No
radioactive waste was
deliberately buried at
these sites.

Dry waste containing
Sr-90, Pu-239, Cs-137
and U-238

P-11 crib Waste water containing
Pu-239. Site has been
exhumed.

213 J and K cribs Drainage from
plutonium storage
vaults. No Pu-239 had
been detected in
piping. Cribs
exhumed.

Estimated Volume
(Ift3)

21,500

1945-1955 No data

1953-1967

1951-1951

1944-1950

No data

No data

No. of
Cubic Yds

800

No data

No data

No data

No data No data

References

1, pages 8.15
and 6.17;
21, pages 443,
444, 659, 660,
661 and 662

1, pages B.15
and 8.17;
21, pages 445,
446 657 and 658.

1, page 6.21;
21, pages 693-
696.

1, page B.21;
21, pages 701
and 702.

1, page B.21;
21, pages 703-
704.
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Area No. and Name Waste Types
Estimated Volume

Years (ft3)
No. of

Cubic Yds References

Miscellaneous
nonradioactive burial
sites, J. A. Jones No.
and Original Central
Landfill

Miscellaneous
nonradioactive wastes.
No known chemical
disposal.

1

1973-1979 Unknown
quantity.

TOTAL

Unknown
quantity.

1, page 8.21;
21, pages 705,
706, 711 and
712.
38, pages 1
and 2

149,000

C4-a-
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PUREX Plant. The Plutonium URanium EXtraction (PUREX) Plant is the most
recently constructid of the Trradiated-fuel processing plants. Constructed
between April 1953 and October 1955, the PUREX Plant took over fuel-
processing operations from the REDuction OXidation (REDOX) Plant. The PUREX
Plant was operated from 1956 to 1972; in 0l72 it was placed in operational
standby mode. Plant operations were resumed in 1983.

At this facility, uranium, plutonium, and neptunium are separated from
fission products found in the production reactors' irradiated uranium fuel.
The process steps involve fuel-element decladding, uranium metal dissolution,
solvent extraction, ion exchange, and product loadout.

Zirconium cladding on fuel elements-is removed in an ammonium-fluoride-
ammonium nitrate (AFAN) solution. Ammonium fluoride reacts with the
zirconium, resulting in a soluble zirconium compound. The ammonia and
hydrogen evolved during decladding present a potential combustion hazard.
Therefore, hydrogen is converted to ammonia by reaction with ammonium nitrate
present in the AFAN solution. The dissolver solution is then processed to
remove plutonium and uranium that dissolved with the cladding. Gas released
from the dissolver is treated to remove iodine in a silver reactor, is acid-
adsorbed, and is only then released to the atmosphere. The off-gases are
treated with hydrogen peroxide to remove nitrogen oxides before being
released to the atmosphere.

Declad fuel elements are dissolved in nitric acid for the solvent extraction
processes. An organic solvent is used to separate the uranium, plutonium,
and neptunium from associated fission products and from each other. The
organic solvent used in a series of extraction and stripping operations is a
30% solution of tributyl phosphate in a normal paraffin hydrocarbon
(kerosene) diluent.

The first extraction cycle separates the bulk of the fission products from
the plutonium, uranium, and neptunium; the fission products remain in the

-aqueous phase. -The organic phase is sent to the partitioning cycle where the
plutonium is partitioned from the uranium and neptunium. ' The plutonium
stream is routed through two additional solvent-extraction cycles for further
purification. After purification, the plutonium stream is concentrated.

From 1956 to 1972, the concentrated plutonium nitrate solution was sent to
the plutonium finishing operations located in the 200-West Area. When the
PUREX Plant resumed operations in 1983, an additional facility was added that
produced plutonium oxide from the plutonium nitrate.-

The other stream from the partition cycle, which bears the neptunium and
uranium, is routed to the final uranium cycle where neptunium is separated.
The aqueous neptunium stream is sent to the back-cycle waste system for
concentration and recycling to the solvent-extraction column. The uranium
stream is routed to a column that strips the uranium from the organic stream
with an aqueous nitric acid solution; concentration of the aqueous solution
follows. The uranium product, uranyl nitrate hexahydrate (UNH), is then
stored in tanks until it is shipped to the U03 plant in the 200-West Area.



A portion of the concentrated neptunium solution from the final uranium cycle
is sent to the neptunium recovery and purification cycle. In this cycle,
neptunium is separated from the uranium, plutonium, and the remaining fission
products in the neptunium stream. This separation is accomplished by a
series of oxtractions and ion-exchange columns. The plutonium and uranium
fractions are recycled to the back-cycle waste system and partitioning cycle,
respectively.

Supporting process systems include organic solvent decontamination and
recovery, nitric acid recovery, and waste concentration and recovery.

B Plant. The B Plant, one of the original fuels-separation facilities, was
constructed between August 1943 and February 1945; it was operated until
1952. The plant used the bismuth phosphate process to separate plutonium
from irradiated uranium fuel. This process produced a very dilute waste
stream that contained the uranium and most of the fission products from the
fuel elements. Unlike the PUREX process, the bismuth phosphate process
separated plutonium from uranium and fission products by precipitating the
plutonium onto a bismuth phosphate carrier.

The uranium fuel elements processed by the bismuth phosphate process were
jacketed with aluminum. These jackets were removed in a sodium hydroxide-
sodium nitrate (NaOH-NaNO3) solution, with the NaNO3 acting as a hydrogen
scavenger. Some of the silicon used as a binder in the fuel elements was
dissolved during jacket removal. This operation produced sodium silicate,
sodium aluminate., and sodium nitrite.

After jacket removal, the fuel elements were dissolved in nitric acid;
sulfuric acid was then added to complex the uranium. Complexing of uranium
prevented it from being precipitated as uranyl phosphate during later
plutonium precipitation. The metal solution was pre-treated with sodium
nitrite to oxidize or reduce plutonium to the correct state for
precipitation. Bismuth phosphate was then added to the metal solution and
the resulting slurry was centrifuged. The solid cake was redissolved in
nitric acid for further deont-Aminatin f tha utonium.

The decontamination involved several dissolutions and subsequent
precipitations of plutonium. Sodium bismuthate and sodium dichromate were
used as oxidizing agents, and sodium nitrite or oxalic acid was used as a
reducing agent during the plutonium decontamination. The final plutonium
precipitate was washed with ammonium nitrate.

The next process involved transferring. the plutonium from the bismuth
phosphate carrier to a lanthanum fluoride carrier. Hydrofluoric acid was
used to acidify the transfer solution and cause lanthanum fluoride to
precipitate, carrying the plutonium with it. Potassium hydroxide was used to
change the lanthanum precipitate into a soluble compound; then the
precipitate was dissolved in nitric acid.

The plutonium was then reduced using ammonium sulphate and precipitated as .a
peroxide by the addition of hydrogen peroxide. The plutonium peroxide was
dissolved into nitric acid. This solution was concentrated to produce the
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final plutonium nitrate product, which was originally shipped off site for
conversion to plutonium oxide or plutonium metal.

In 1968, the B Plant was converted to a waste-fractionization plant as part
of a program to solidify high-level waste. The B Plant now functions to
remove cesium and strontium from PUREX current acid waste and from high-level
supernatant liquids, as well as sludges from self-boiling liquid waste.

The solids are removed from the current acid waste and treated for strontium
removal, and the liquid is treated with phosphotungstic acid to precipitate
the cesium. The supernatant liquid is sent to a series of solvent extraction
columns, similar to those used at the PUREX Plant, to remove and purify any
remaining strontium. The cesium precipitate is redissolved in sodium
hydroxide and treated in ion exchange columns fo further purification.
Liquid from stored waste is treated the same as current acid waste, except
that the solids have already separated in the storage tanks.. Sludge from the
storage tanks and solids from current acid waste are dissolved in an acid
solution and sent to the solvent-extraction columns for strontium removal.

Cesium solutions are converted to cesium chloride by the addition of
hydrochloric acid. The liquid is evaporated to yield solid cesium chloride.
This solid is encapsulated in Hasteloy cylinders and stored in an underwater
storage basin at B Plant.

Strontium is precipitated as strontium fluoride by the addition of sodium
fluoride. The strontium fluoride is filtered, dried, and encapsulated in
Hasteloy cylinders. These cylinders, like the cesium cylinders, are stored
in an underwater storage basin at B Plant.

Semiworks and Critical Mass Laboratory. The Semiworks was built in 1949 as a
pilot plant for the REDOX Process; it was later converted to pilot the PUREX
process. The Semiworks originally operated from 1952 to 1957. In 1960, the
Semiworks was reactivated and equipped for the processing and loadout of
fission products; it then operated as both a production and a process
demonstration pilot project for converting the B Plant to a waste-
partitioning facility. In 1967, the Semiworks was shut down, and it is now
being decontaminated and decommissioned. Chemical processes at this facility
were similar to those at the REDOX and PUREX plants.

At the Critical Mass Laboratory, research focuses on the criticality safety
of plutonium in various forms and combinations with other elements. The
resulting data are used to verify analytical methods that predict criticality
safety for flutonflm in various fuel cycles.

200 North Area. The 200 North Area was built for the ageing of "green" fuel
(recently irradiated fuel) to allow for the decay of short lived
radionuclides before processing the fuel. Irradiated fuel was stored in
water basins while the decay process was proceeding. The area was only used
during the first several years of operations, when it was discovered that the
required fuel ageing time was much shorter than originally predicted. This
discovery allowed the use of the 200 Area to be discontinued in 1952.
Several of the sites within the 200 North Area only received waste during t
pre-retirement cleaning of the basins actually used to store fuel.

4o



200-West Area Plants

U Plant. Although the U Plant (constructed between 1943 and 1944) was one of
the three original fuels-separation facilities designed to use the bismuth
phosphate process, it was never used for that purpose.

Uranium was not recovered by the bismuth phosphate extraction of plutonium
from irradiated fuel. However, the later-developed REDOX and PUREX processes
recovered the uranium, which still had economic value. Following startup of
the REDOX Plant, the U Plant was converted to recover the uranium from stored
radioactive waste. From 1952 to 1958, stored waste was transferred to the U
Plant for uranium recovery. The resultant sludge was dissolved in nitric
acid; and-then the -uranium -was-extracted-using- tributyl-phosphate-ilra normal
paraffin diluent. This process left the fission products, sulfate, and
phosphate ions in the aqueous acid solution. The uranium was then stripped
from the organic solvent with nitric acid. This nitric acid solution was
concentrated and sent to the uranium oxide process.

Although the uranium recovery processing is no longer going on, the adjacent
uranium oxide plant is still operational. This plant received uranyl nitrate
solution from the recovery process and from the REDOX Plant and calcined it
to uranium trioxide. The uranium oxide plant now processes the product
uranium from the PUREX Plant. Nitric acid is recycled to the PUREX process
as a by-product of the calcination process. The uranium trioxide is shipped
offsite-for-use- as-nuclear fuel.

REDOX Plant. The REDOX process for fuels separation succeeded the bismuth
phosphate process and preceded the PUREX process. The REDOX Plant was
constructed from May 1950 to August 1951; it operated until it was shut down
in July 1967. An analytical laboratory near the facility is still
operational. This laboratory supports B-Plant operations and performs
research and development in support of waste management and environmental
control operations. The laboratory also functions as a backup laboratory to
the PUREX and Z-Plant analytical laboratories.

The REDOX Plant used a solvent extraction process to separate uranium and
plutonium from fission products and each other. Methyl isobutyl ketone
(MIBK) was the organic solvent that was used.

The fuel elements were prepared for nitric acid dissolution using the methods
from the bismuth phosphate process. Sodium dichromate was added to the
nitric acid solvent to oxidize plutonium to a state suitable for organic
extraction.

Aluminum nitrate was added to the acid solution as a salting agent for the
first extraction column. This salting agent caused the uranium and plutonium
to be preferentially extracted by MIBK, leaving the fission products in the
aqueous phase. In a second extraction column, a reducing agent was added to
the aqueous phase to reduce the plutonium so that it would be removed from
the uranium and extracted into the aqueous phase. The organic uranium
solution and the aqueous-plutonium solution were then processed separately
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purified further, and concentrated into their respective products; uranium
nitrate hexahydrate (UNH) and plutonium nitrate. The plutonium nitrate was
sent to the Z Plant for processing into plutonium oxide or plutonium metal.
The UNH was sent to the uranium oxide plant.

The organic solvent was treated for recycling by removing decomposition
products and by further decontamination. Aqueous streams were concentrated,
then the aluminum nitrate was converted to sodium aluminate by sodium
hydroxide before disposal.

T Plant. The T Plant was one of the original bismuth phosphate fuels-
separation facilities; it was constructed from June 1943 to October 1944 and
operated for the bismuth phosphate process from 1944 to 1956. Since 1956,
facilities in the T Plant have been used for decontamination and equipment
repair.

Z Plant. Constructed in 1949, the Z Plant was the site of the plutonium
laboratory and finishing operations, including the processing of plutonium
scrap materials and preparation of plutonium products. The plutonium parts
preparation ceased in December 1965. A process known as "recouplex" was
operated at the plant from 1955 to 1962 to recover plutonium from scrap and
produce a plutonium nitrate solution. The Plutonium Reclamation Facility
began operations in 1964 to perform the functions of the recouplex process.

The recouplex process used nitric acid and hydrofluoric acid to dissolve
solids and a tributyl phosphate-carbon tetrachloride solvent extraction
process for recovery of purified plutonium nitrate solutions. Aluminum
nitrate was used to salt the aqueous streams for selective extraction of
plutonium and to create complexed fluoride ions as aluminum fluoroxide
nitrate to prevent their interference during plutonium extraction. Americium
was also recovered in the Plutonium Reprocessing Facility using dibutyl butyl
phosphonate (DBBP) in a carbon tetrachloride diluent. The DBBP has
subsequently been replaced with tributyl phosphate.

The Plutonium Processing Facility converts plutonium nitrate to plutonium
oxide and then to plutonium metal, if metal is the desired product. The
plutonium oxide is made by precipitating the plutonium as plutonium oxalate
and then calcining the precipitate. To produce metal, the plutonium oxide is
first converted to plutonium fluoride. The fluoride is placed in an iron
can, which is placed in a magnesium oxide crucible with calcium metal. A
reducing chargeis applied-to the crucible to reduce-the plutonium fluoride
to plutonium metal, which is then molded into a button. The remaining iron,
calcium, and magnesium are dissolved in nitric acid for disposal.

Reference 1, pages 2.15-2.23, Reference 21, pages 449-462.
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5 TARGETS

Ground Water Use

Use(s) of aquifer(s) of concern within a 3-mile radius of the facility:

The aquifer of concern, within three miles of the facility, supplies drinking
water at the Fast Flux Test Facility (FFTF). Across the Columbia River,
within three miles of the 200 Area defined boundary (disposal sites and
contaminant plume), there are 17 wells in the aquifer of concern These wells
consist of 14 private wells and 3 community wells. The three wells at FFTF
are 294 ft deep, 399 ft deep, and 400 ft deep. These wells are screened at
188 to 281 ft, 221 to 396, and 360 to 390 ft (new deeper well) respectively.
The across-river private wells vary in depth and screened intervals. No data
was available concerning the depth and screen intervals of the private wells,
however it was assumed that these wells were completed into the unconfined
aquifer. The across-river community wells are the Eppich Water System,
Cypress Gardens School well, and Rio Vista Orchards well. The wells are 88
ft deep, 160 ft deep, and 80 ft deep, respectively. Since these wells are
all located in very remote locations, there is no municipal water from
alternate unthreatened sources presently available.

Reference 7, pg 178; Reference 8, pg 43; Reference 2, pgs 4.7 and 3.19;
Reference 9; Reference 10; Reference 11, Reference 36.

Distance to Nearest Well

Location of nearest well drawing from aquifer of concern or occupied building
not served by a public water supply:

The nearest wells drawing water from the aquifer of concern are located at
the Fast Flux Test Facility (FFTF) which is located with in the 200 Area
plume.

Reference 8; Reference 2, pg. 3.19.

Distance to above well or building:

The water supply wells at the FFTF draws water from the aquifer of concern
within the defined boundary of the 200 Area. Sampling of tap water draining
from these wells, which are interconnected, have shown contamination.
Therefore, the distance to the nearest well is zero feet.

Reference 2, pg 3.19; Reference 8, pg 43 and 481 Bldg Tap Water Sample
Report.

Population Served by Ground Water Wells Within a 3-Mile Radius -

Identified-water-supply well(s) drawing from aquiferisi of concern within a
3-mile radius and populations served by each:

The water supply wells at the FFTF supply drinking water for the work fo
5 
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at the facility which numbers 2420 people. Assuming that each across-river
private well supplies drinking water to 3.8 people per well, 53.2 people are
served by these wells. -The 3 community wells, the Eppich Water System, the
Cypress Garden School well, and the Rio Vista Orchards well serve 12
permanent residents and 8 migrant farm worker residents, 12 permanent
residents, and 8 permanent residents, respectively.

Reference 10; Reference 11; Reference 12, pg 3.

Computation of land areas irrigated by supply well(s) drawing from aquifer(s)
of concern within a 3-mile radius, and conversion to population (1.5 people
per acre):

There are no documented wells (within three miles of the site) used for
irrigation. All irrigated farm land within 3 miles of the defined boundary
of the 200 Area are supplied from either the Columbia River or from the
Columbia Basin irrigation project.

Total population served by ground water within a 3-mile radius:

There-is a total of 2513.2 (2420 + 53.2 + 40) people served by the aqui-fer of
concern within three miles of the 200 Area's defined boundary. This total
includes workers, permanent residents, and migrant farm worker residents.

Reference 12 pg 3; Reference 10, Reference 11.
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SURFACE WATER ROUTE

I OBSERVED RELEASE

Contaminants detected in surface water at the facility or downhill from it
(5 maximum):

Tritium and iodine-129 were used to verify observed release and define the
maximum extent of contamination in surface water. Evidence of observed
release can be established by comparison of upstream and down stream
concentrations of tritium and iodine-129. River bank springs monitoring and
localized Columbia River sampling can be used to verify observed release by
demonstrating that contaminants are entering the river in this area. The
following two tables present upstream and downstream concentrations for
iodine-129 and tritium for 1983 (same period as the spring sampling) and
1986.

200 Area Concentrations for Iodine-129

BACKGROUND
S Mlc. Concentration

Date Point (pCi/L)
1/22/83 27.0 RW 3.3E-6 ± 1.4E-6
10/7/86 Prst Rap 1.04E-5 1.29E-6

Date
10/7/86
1/22/83
Sarings
9/11/83
9/11/83
9/11/83
9/11/83

DOWN GRADIENT
sar~k. . Concentration
Point (pCi/L)

312 Intk 1.61E-4 i 1.45E-5
29.0 RW 6.3E-5 ± 5.OE-6

27-1 Spg 1.6E-4 ± 2.1E-5
28-2 Spg 6.2E-2 ± 6.8E-3
31-5 Spg 3.OE-5 ± 4.OE-6
32-0 Spg 4.4E-5 ± 2.7E-5

200 Area Concentrations for Tritium

BACKGROUND
Sol e Concentration

Date- - Point tvtil)
Various Prst Rap Mean.- 119t)
9/11/83 27.0 RW 107 ± 201

DOWN GRADIENT
9.a l- Concentration

Date Point foCi/LI
9/11/83 28.0 RW 60600 ± 7 1
Various Rich Intk Mean - 165 a)
Spring
9/11/83 28-2 Spg 110000 ± 995

-(4 )Coparson of the 75dwnstream samples (mean - 165, standard deviation
- 160) to the 75 upstream samples (mean - 119, standard deviation - 108)
using a one-tailed T-Test, indicated that there is a 95% probability
that the downstream sample mean is significantly higher than the
upstream. In addition, statistical analyses performed by DOE in 1985
and 1986 of upstream-downstream sampling data showed similar results.
It is concluded, therefore, that an observed release of tritium has
occurred at least as far downstream as the Richland intake.

Reference 2, Reference 3, page 17, A.5, B.3, C.6-C.7; Reference 23; Reference
25; Reference 28; Reference 30, Reference_39.

6



Rationale for attributing the contaminants to the facility:

Tritium and Iodine-129 are products of the fission process that are released
as a result of irradiated fuel reprocessing. Thus, both of these
constituents are found in certain waste disposed of into the 200 Area. Both
of these constituents are highly mobile in the Hanford environment and are
used as indicators of extent of contamination. The downgradient samples
showed significant increases in contaminant concentrations above those found
in the background samples. In addition, spring water contaminated with these
elements can be shown to discharge into the river.

Reference 2, pages 3.18-3.20; Reference 1, page 3.10

2 ROUTE CHARACTERISTICS

Facility Slope and Intervening Terrain

Average slope of facility in percent:

Not applicable.

Name/description of nearest down slope surface water:

The Columbia River, which originates in the mountains of eastern British
Columbia, Canada, flows through the northern edge of the Hanford Site and
forms part. of the Hanford Site's eastern boundary. The river drains a total
area of approximately 70,800 km2 enroute to the Pacific Ocean. The flow of
the Columbia River is regulated by 11 dams within the United States, 7
upstream and 4 downstream of the Site. Priest Rapids Dam is the nearest
impoundment upstream of the Site, and McNary Dam is the nearest dam
downstream. (The Hanford reach of the Columbia River extends from Priest
Rapids Dam to the head of Lake Wallula, which is created by McNary Dam.)
This is the only stretch of the Columbia River within the U.S. that is not
impz;ded by a dam. The width of the river varies from approximately 300 m
to about 1000 m. The flow through this stretch of the river is relatively
swift, with numerous bends and several islands present throughout the reach.
The ground water beneath the site discharges directly into the Columbia River
as evidenced by seeps and springs along the Columbia River.

The flow rate of the Columbia River in this region is regulated primarily by
Priest-Rapids Dam. Hanford-reach--flows- fluctuate significantly because of
the relatively small storage capacity and operational practices of the nearby
upstream dams. A minimum flow rate of 1,000 cubic meters per second (36,000
cubic feet per second) has been established at Priest Rapids. Typical daily
flows range from 1,000 cubic meters per second (36,000 cubic feet per second)
to 7,000 cubic meters per second (250,000 cubic feet per second) with peak
spring runoff flows of up to 12,600 cubic meters per second ( 450,000 cubic

-feet Per second) being recorded. Typical annual average flows at Priest
Rapids Dam are 3,100 cubic meters per second (110,000 cubic feet per second)
to 3,400 cubic meters per second (120,000 cubic feet per second). Monthly
mean flows typically peak from April through June and are at the lowest
levels from September through October.
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The depth at the deepest part of the measured cross-sections varies
approximately from 10 to 40 feet, with an average around 25 feet. Daily
fluctuations in depth caused by Priest Rapids regulation can be as much as 10
feet above Vernita and 5 feet at Hanford.

Reference 2, page 2.1; Reference 13, page 11.3-13.

-Average slope-of-terrain between fac-i--ity and above-cited -surf-ace water body
in percent:

Not applicable.

Is the facility located either totally or partially in surface water?

Not applicable.
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Is the facility completely surrounded by areas of higher elevation?

Not applicable.

1-Year 24-Hour Rainfall in Inches

Not applicable.

Distance to Nearest Down slope Surface Water

Not applicable.

Physical State of Waste

Not applicable.

3 CONTAINMENT

Containment

Method(s) of waste or leachate containment evaluated:

Not applicable.

Method with highest score;

Not applicable.

7



4 WASTE CHARACTERISTICS

Toxicity and Persistence

Compound(s) evaluated

The 200 Area is used to process irradiated uranium fuel to recover plutonium.
The area is also used to process and store waste generated during fuel
processing. Substances associated with the 200 Area activities are:

dibutly butyl phosphonate
nitric acid
kerosene
butyl phosphates
sulfuric acid
fluoride
sodium aluminate'
methyl isobutyl ketone (MIBK)
aluminum fluoride nitrate
calcium nitrate
magnesium nitrate
H-3
Sr-90
Cs-137
Pu-240

tributyl phosphate
sodium dichromate
ammonium carbonate
sodium oxalate
ferrocyanide
sodium silicate
sodium nitrite
ferrous sulfamate
carbon tetrachloride
aluminum nitrate
ferric nitrate
Co-60
Ru-106
Pu-239
uranium

Reference 1, pgs. 2.15-2.23; Reference 21, pgs.213-662. Also, see Table 1.

Compound with highest score:

Several-ofthe constituents-listed above are
example:

Constituent Toxicity

Plutonium-239
Plutonium-240
Uranium
Sodium dichromate

3
3
3
3

assigned scores of 18. For

Persistence

3
3
3
3

Reference 4, pgs. 794-797. Reference 40.

fyt
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Hazardous Waste yuantILtv

Total quantity of hazardous substances at the facility, excluding those with
a containment score of 0 (Give a reasonable estimate even if quantity is
above maximum):

The total waste quantity associated with the aggregate 200 Area is at least
935,149,000 cubic yards. Table I presents the individual liquid sites that
are located within the physical confines of the 200 Area fences and the
associated data that were used in creating the aggregate 200 Area Site.
Table 2 presents the solid waste sites located within the physical confines
of the 200 Area fences and their associated data. Also presented in Table 2
are several individual sites and their associated data that are physically
located outside of the 200 Area fences, but located within the defined
boundaries of the aggregated 200 Area Site. The total quantity of waste
associated with the sites listed in Table 1 and Table 2 is 935,000,000 cubic
yards and 149,000 cubic yards, respectively.

References are listed in Tables 1 and 2 by waste site; Reference 37.

Basis of estimating and/or computing waste quantity:

The ground water seeps into the surface water at springs along the Columbia
River; therefore, hazardous waste quantities reported for ground water are
also applicable to surface water.

Reference 8, pg 43.

The 200 Area is used to process irradiated uranium fuel for the recovery of
plutonium. Additionally the 200 Area is used to process and store waste. In
compiling the inventory for the 200 Area, it was assumed that since ground
water seeps into the Columbia River the containment associated with the
surface-water- route-is considered not to be 0, and all the waste quantities
cited were available for migration. There are eight different operational
areas within the aggregate 200 Area, PUREX Plant, B Plant, Semiworks and
Critical Mass Laboratory, 200 North Area, REDOX Plant, T Plant, Plutonium
Finishing Plant (PFP) (formally known as Z Plant). These eight operational
areas are individually described below.
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TABLE 1. Basis of Estimating and/or Computing Waste Quantity - 200 Areas

Area No. and Name

200 Area acidic process
condensate disposal cribs,
216 series, Nos. A-5,
A-15, C-1, C-6, C-10,
S-I & 2, S-7, S-9, S-23
and U-8 (8 areas)

200 Area Bismuth Phosphate
Plant first cycle waste
trenches, 216 series, Nos.
B-35 through B-41, T-14
through T-17 and T-21
through T-25 (16 cribs)

200 Area Bismuth Phosphate
Second Cycle and 224 Waste
Cribs, 216 series, Nos.
B-5, B-7A and B, B-8,
T-3, T-5, T-6, T-7 and
T-32

Waste Types

Process condensate
waste water containing
nitric acid (p[~2),
H-3, Sr-90, Pu-239,
Cs-137, Co-60 and
U-238.

First cycle waste
contained sodium
salts, fluoride,
nitrate, sulfate
phosphate, aluminate
and radionuclides,
H-3, Sr-90, Pu-239,
Cs-137, Co-60 and
U-238.

Second cycle and 224
waste contained sodium
salts, fluoride,
oxalate, nitrate,
sulfate phosphate,
ammonium nitrate and
radionuclides Sr-90,
Pu-239, Cs-137, Co-60
and U-238.

Years

1952-1972

1953-1954

Estimated Volume
(liters)

2,680,000,000

34,100,000

1945-1955 299,000,000

No. of
Cubic Yds

3,510,000

44,600

391,000

References

1, pages B.15
and B.17;
21, pages 219,
220, 235, 236,
401, 402, 409,
410, 465, 466,
475, 476, 479,
480, 505, 506,
597, and 598

1, pages 8.15
and B.17;
21, pages 353-
365, 535-542 and
549-458

1, pages B.15
and B.17;
21, pages 291,
292, 295, 296,
297, 298, 509,
510, 517-522,
571 and 572
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Area No. and Name

200 North Area basin water
ponds and cribs, 216
series, Nos. N-i through
H-7 (7 areas)

200 Area scavenged TBP
supernatant waste cribs
and trenches, 216 series,
Nos. B-14 through B-34,
B-42 through B-49, B-51,
B-52, T-18 and T-26
(33 areas).

200 Area tributyl
phosphate solvent waste
cribs, 216 series, Nos.
A-2, A-7, A-31, C-4 and
U-15 (5 cribs)

Waste Types

Fuel storage basin
water containing
radionuclides Sr-90,
Pu-239, Cs-137 and
U-238.

Scavenged TBP waste
contained sodium
salts, nitrate,
sulfate, phosphate,
and ferrocyanide and
radionuclides 11-3,
Sr-90, Pu-239,
Cs-137, Co-60 and
U-238.

Tributyl phosphate
solvent wastes
contained tributyl
phosphate and a
paraffin hydrocarbon
solvent and
radionuclides Sr-90,
Pu-239, Cs-137, Co-60
and U-238.

%~C

Years

1944-1952

1953-1958

1955-1966

Estimated Volume
(liters)

2,870,000,000

167 000,000

682,000

No. of
Cubic Yds

3,760,000

219,000

893

References

1, pages 449-
462

1, pages B.15
and B.17;
21, pages 311-
352, 367-382,
385, 386, 387,
388, 543, 544,
559, 560

1, pages B.15
and B.17;
21, pages 215,
216, 223, 224,
263, 264, 405,
406, 605 and 606
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Area No. and Name

200 Area ammonia scrubber
and alkaline condensate
waste cribs, 216 series,
Nos. A-36A, B-12, B-50,
S-3, S-12 and S-21
(6 cribs)

200 Area analytical
laboratory liquid waste
cribs, 216 series, Nos.
A-4, A-21, A-27, B-6,
1-10A, T-2 and T-8
(7 cribs)

Waste Types

Ammonia scrubber and
alkaline condensate
wastes contained
ammonium nitrate
(except S-3) and
radionuclides H-3,
Sr-90, Pu-239,
Cs-137, Co-60 and
U-238. Wastes
disposed to 216-S-3
contained sodium salts
of dichromate,
nitrate, aluminate and
hydroxide.

Laboratory waste
contained nitric acid
and sulfuric acid
(neutralized with NaOH
at 'A' cribs) and
sodium dichromate.
Radionuclides include
Sr-90, Pu-239, Cs-137,
Co-60 and U-238.

Estimated Volume
Years (LiteJrs)

1952-1973

1945-1970

667,000,000

130,000,000

No. of
Cubic Yds References

873,000

170,000

1, pages B.15
and B.17;
21, pages 273,
274, 307, 308,
383. 384, 483
and 484.

1, pages 8.15
and 8.17;
21, pages 217,
218, 247, 248,
259, 260, 293,
294, 301, 302,
507, 508, 523
and 524.
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Area No. and Name

200 Area steam condensate
and/or cooling water
disposal areas, 216
series, Nos. A-11, A-12,
A-32 through A-35, A-40,
S-5, S-6, .S-16P, S-160,
S-17, T-4-1(D), T-4-1(P),
U-9, U-11,. Z-1(D), Z-11,
T-4-2 (19 areas)

200 Area Z Plant waste
water disposal areas, 216
series, Nos. Z-1A,
Z-142, Z-3 and Z-12
(4 areas)

Waste Tyoes

Steam condensate
aind/or cooling water
containing nitrate and
radionuclides H-3,
Sr-90, Pu-239,
CP-137, Co-60 and
U-238.

Z Plant waste water
contained sodium
nitrate, fluoride, and
radionuclides Pu-239,
Sr-90, Cs-137 and
U-138.

Years

1944-1979

Estimated Volume
(liters)

98,600,000,000

1949-1973 499,000,000

No. of
Cubic Yds

129,000,000

653,000

References

1, pages B.15
and B.17;
21, pages 227,
228, 229, 230,
265 through 272,
277, 278, 471,
472, 473, 474,
491, 492, 493,
494, 495, 496,
511, 512, 513,
514, 599, 600,
601, 602, 609,
610, 629, 630,
515, 516.

1, page 6.17;
21, pages 607,
608, 611, 612,
613, 614, 631
and 632.

~-a~ qO



I)3b I2 TS,

Area No. and Name aste Types !
Estimated Volume

Years (liters)
No. of

Cubic Yds References

200 Area plutonium
recovery plant waste water
cribs, 216-Z-9 and
216-Z-18.

200 Area caustic waste
areas, 216-T-33, 216-T-36
and 216-Z-8.

Plutonium recovery
plant waste water
contains sodium salts,
nitrate, sulfate,
aluminum fluoride
nitrate, aluminum
nitrate, magnesium
nitrate and calcium
nitrate. The waste
discharged to the
216-Z-18 alsolcon-
tained carbon tetri-
chloride, tributyl
phosphate and dibutyl
butyl phosphorate.
Radionuclides include
Pu-239 in both cribs
and Sr-90, Cs-137,
Co-60 and U-238 in
216-Z-9.

Caustic waste water
containing sodium
hydroxide and
radionuclides Pu-239
in all three areas and
Sr-90, Cs-137, Co-60
and U-238 in 216-T-33
and 216-T-36.

- Q

1955-1973 7,950,000

1955-1969 2,430,000

10,400

3,180

1, page B.17;
21, pages 625,
626, 637 and
639.

1, page 8.17;
21, pages 573,
574, 579, 580,
623 and 624.
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Area No. and Name

200 Area chemical sewer
areas, 216-B-21, 216-B-2-2
and 216-S-11.

200 Area cribs that
received 300'Area crib
waste, 216 series, Nos.
B-53A, B-53B, 8-54, T-27,
T-34 and T-35 (7 cribs)

200 Area A-Tank Farm
condensate crib, 216-A-24

Waste Types

Chemical sewer dis-
charged unknown
quantities of chemi-
cals plus radio-
nuclides Sr-90,
Pu-239, Cs-137 and
U-238.

300 Area crib waste
contained nitrate and
radionuclides Sr-90,
Pu-239, Cs-137, Co-60
and U-238.

A-Tank Farm condensate
contained butyl
phosphates, paraffin
hydrocarbon, ammonium
carbonate and radio-
nuclides H-3, Sr-90,
Pu-239, Cs-137, Co-60
and U-238.

Years

1945-1965

Estimated Volume
(liters)

304,000,000,000

1962-1967 31,800,000

1958-1966 820,000,000

No. of
Cubic Yds

398,000,000

41,000

1,020,000

References

1, pages B.15
and B.17;
21, pages 282,
283, 284, 285,
481 and 482.

1, pages B.15
and B.17;
21, pages 389-
394, 561, 562,
575, 576, 577
and 578.

1, page B.15;
21, pages 255
and 256.
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Area No. and Name

200 Area Redox hexone-
bearing wastes, 216-S-13
and 216-S-14

200 Area, 221-U, 222-U and
224-U liquid wastes
disposed to 216-U-142 and
216-U-4A cribs

Waste Types

Sodium hexone-bearing
wastes containing
methyl isobutyl ketone
and radionuclides
Sr-90, Pu-239,
Cs-137, Co-60 and
U-238. In addition to
the above, waste
disposed to 216-S-13
contained aqueous
sodium nitrate and
sodium dichromate.

U Area wastes
containing sodium
nitrate and sodium
phosphate and
radionuclides U-238,
Sr-90, Cs-137, Co-60
and Pu-239. Crib
216-U-1 & 2 also
received sodium
sulfate.

Estimated Volume
Years (litersl)

1951-1972 5,010,000

1951-1970 160,000,0001

No. of
Cubic Yds

6,560

209,000

References

1, page B.17;
21, pages 485,
486, 487 and
488.

1, page B.17;
21, pages 581,
582, 587 and
588.
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Area No. and Name

200 Area miscellaneous
liquid wastes, 216 series,
A-1, A-6, A-9, A-13, A-14,
A-16, A-17, A-18, A-19,
A-20, A-22, A-23A, A-23B,
A-26A, A-28, A-39, A-41,
B-3-1, B-3-2, B-4, IB-9,
B-10B, B-H1A & B, B-13,
B-57, C-3, C-5, C-8, S-4,
S-8, S-15, 5-18, S-20,
S-22, T-9, T-10, T-11,
T-12, T-13, T-20, T-28,
T-29, T-30, U-3, U-4,
U-4B, U-5, U-6, U-7,
U-13, Z-4, Z-5, Z-6,
Z-10, Z-16, Z-17
(55 areas)

Waste Types

Miscellaneous waste-
waters containing
nitrate and radio-
nuclides Sr-90,
Pu-239, Cs-137,
Co-60, and U-238. In
addition, areas
216-A-9. 216-S-4. and
216-T-30 received 11-3.

Years

1945-1979

Estimated Volume
(liters)

303,000,000,000

No. of
Cubic Yds

397,000,000

References

, pages B.15
and B.17;
?I, pages 213,
?14, 221, 222,
?25, 226, 231-
434, 237-246,
?49-258, 261,
462, 275, 276,
Z79, 280, 285-
Z90, 299,300,
303-306, 309,
310, 395, 396,
403, 404, 407,
408, 411, 412,
469, 470, 477,
478, 489, 490,
4197-500, 503,
504, 525-534,
547, 548, 563-
570, 583-586,
589-596, 603,
604, 615-620,
627, 628 and
633-636.

935,000,000 yd3TOTAL
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TABLE 2. Basis of Estimating and/or Computing Waste Quantity - 200 Areas

Area No. and Name

200 Area dry waste burial
site, 218 series, Nos.
E-1, E-2, E-3, E-5, E-6,
E-7, E-8, E-12A , W- 2,
W-3, W-4A, W-7 and W-8

200 Area regulated
equipment burial site, 218
series, Nos. E-2A, E-5A,
E-9, E-14, W-1A, W-9 and
11-11

200 Area repair and
construction waste burial
sites 218-E-4 and
218-E-13.

Waste Types

Dry waste containing
radionuclides Sr-90,
Pu-239, Cs-137 and
U-238.

Discarded process
equipment containing
radionuclides SR-90,
Pu-239, Cs-137 and
U-235.

Repair and
construction waste
containing
radionuclides SR-90,
Pu-239, Cs-137 and
U-238.

Years

1944-1968

1944-1964

Estimated Volume
(ft3)

2,960,000

960,000

1955-1966 58,400

No. of
Cubic Yds

110,000-

36,000

2,200

References

1, pages 0.15
and B.17;
21, pages 415-
418, 421, 422,
425, 426, 429-
434, 437, 438,
639, 640, 643-
652;
5, Section
I NW; and 6.

1, pages B.15
and B.17;
21, pages 419,
420, 427, 428,
435, 436, 441,
442, 639, 640,
653, 654, 655
and 565;
5, Sections I
NW, I SE; and 6.

1, pages B.17;
21, pages 423,
424, 439 and
440;
5, Section I NW.
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Area No. and Name

200 Area burning pits
200E, 200W, and Z Plant

Waste Tvnes Years

200E and 200W received 1950-1970
construction and
office wastes plus
paint waste and
chemical solvents.
Z Plant received
office and laboratory
waste.

Estimated Volume
I (ft3)

21,500

No. of
Cubic Yds

800

References

1, pages B.15
and B.17;
211, pages 443,
4144, 659, 660,
661 and 662

200 Area nonradioactive
repair and construction
waste burial sites,
construction pit and
nonradioactive burial
ground

600 Area dry waste burial
sites 618-10 and 618-11

P-11 crib

213 J and K cribs

--

Construction pit
received broken
concrete and the
nonradioactive burial
ground received
unusable plumbing
materials. No
radioactive waste was
deliberately buried at
these sites.

Dry waste containing
Sr-90, Pu-239, Cs-137
and U-238

Waste water containing
Pu-239. Site has been
exhumed.

Drainage from
plutonium storage
vaults. No Pu-239 had
been detected in
piping. Cribs
exhumed.

1945-1955 No data

1953-1967 No data

1951-1951

No data

No data

No dataNo data

1944-1950 No data No data

1, pages B.15
and B.17;
21, pages 445,
446 657 and 658.

1, page B.21;
21, pages 693-
696.

1, page B.21;
21, pages 701
and 702.

1, page B.21;
21, pages 703-
704.
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Area No. and Name Waste Tvyes
Estimated Volume No. of

Years (ft3) Cubic Yds References

Miscellaneous
nonradioactive burial
sites, J. A. Jones No. 1
and Original Central
Landfill

Miscellaneous
nonradioactive wastes.
No known chemical
disposal.

1973-1979 Unknown
quantity.

TOTAL

Unknown
quantity.

1, page B.21;
21, pages 705,
706, 711 and
712; 38, pages 1
and 2

149,000
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PUREX Plant. The Plutonium URanium EXtraction (PUREX) Plant is the most
recently constructid of the irradiated-fuel processing plants. Constructed
between April 1953 and October 1955, the PUREX Plant took over fuel-
processing operations from the REDuction OXidation (REDOX) Plant. The PUREX
Plant was operated from 1956 td 1972; in f972 it was placed in operational
standby mode. Plant operations were resumed in 1983.

At this facility, uranium, plutonium, and neptunium are separated from
fission products found in the production reactors' irradiated uranium fuel.
The process steps involve fuel-element decladding, uranium metal dissolution,
soivent extraction, ion exchange, and product loadout.

Zirconium cladding on fuel elements is removed in an ammonium fluoride-
ammonium nitrate (AFAN) solution. Ammonium fluoride reacts with the
zirconium, resulting in a soluble zirconium compound. The ammonia and
hydrogen evolved during decladding present a potential combustion hazard.
Therefore, hydrogen is converted to ammonia by reaction with ammonium nitrate
present in the AFAN solution. The dissolver solution is then processed-to
remove plutonium and uranium that dissolved with the cladding. Gas released
from the dissolver is treated to remove iodine in a silver reactor, is acid-
adsorbed, and is only then released to the atmosphere. The off-gases are
treated with hydrogen peroxide to remove nitrogen oxides before being
released to the atmosphere.

Declad fuel elements are dissolved in nitric acid for the solvent extraction
processes. An organic solvent is used to separate the uranium, plutonium,
and neptunium from associated fission products and from each other. The
organic solvent used in a series of extraction and stripping operations is a
30% solution of tributyl phosphate in a normal paraffin hydrocarbon
(kerosene) diluent.

The first extraction cycle separates the bulk of the fission products from
the plutonium, uranium, and neptunium; the fission products remain in the
aqueous phase. The organic phase is sent to the partitioning cycle where the
plutonium is partitioned from the uranium and neptunium. The plutonium
stream is routed through two additional solvent-extraction cycles for further
purification. After purification, the plutonium stream is concentrated.

From 1956 to 1972, the concentrated plutonium nitrate solution was sent to
the plutonium finishing operations located in the 200-West Area. When the
PUREX Plant resumed operations in 1983, an additional facility was added that
produced plutonium oxide from the plutonium nitrate.

The other stream from the partition cycle, which bears the neptunium and
uranium, is routed to the final uranium cycle where neptunium is separated.
The aqueous neptunium stream is sent to the back-cycle waste system for
concentration and recycling to the solvent-extraction column. The uranium
stream is routed to a column that strips the uranium from the organic stream
with an aqueous nitric acid solution; concentration of the aqueous solution
follows. The uranium product, uranyl nitrate hexahydrate (UNH), is then
stored in tanks until it is shipped to the U03 plant in the 200-West Area.
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A portion of the concentrated neptunium solution from the final uranium cycle
is sent to the neptunium recovery and purification cycle. In this cycle,
neptunium is separated from the uranium, plutonium, and the remaining fission
products in the neptunium stream. This separation is accomplished by a
series of extractions and ion-exchange columns. The plutonium and uranium
fractions are recycled to the back-cycle waste system and partitioning cycle,
respectively.

Supporting process systems include organic solvent decontamination and
recovery, nitric acid recovery, and waste concentration and recovery.

B Plant. The B Plant, one of the original fuels-separation facilities, was
constructed between August 1943 and February 1945; it was operated until
1952. The plant used the-bismuth phosphate process to separate plutonium
from irradiated uranium fuel. This process produced a very dilute waste
stream that contained the uranium and most of the fission products from the
fuel elements. Unlike the PUREX process, the bismuth phosphate process
separated plutonium from uranium and fission products by precipitating the
plutonium onto a bismuth phosphate carrier.

The uranium fuel elements processed by the bismuth phosphate process were
jacketed with aluminum. These jackets were removed in a sodium hydroxide-
sodium nitrate (NaOH-NaNO3) solution, with the NaNO3 acting as a hydrogen
scavenger. Some of the silicon used as a binder in the fuel elements was
dissolved during jacket removal. This operation produced sodium silicate,
sodium aluminate, and sodium nitrite.

After jacket removal, the fuel elements were dissolved in nitric acid;
sulfuric acid was then added to complex the uranium. Complexing of uranium
prevented it from being precipitated as uranyl phosphate during later
plutonium precipitation. The metal solution was pre-treated with sodium
nitrite to oxidize or reduce plutonium to the correct state for
precipitation. Bismuth phosphate was then added to the metal solution and
the resulting slurry was centrifuged. The solid cake was redissolved in
nitric acid for further decontamination of the plutonium.

The decontamination involved several dissolutions and subsequent
precipitations of plutonium. Sodium bismuthate and sodium dichromate were
used as oxidizing agents, and sodium nitrite or oxalic acid was used as a
reducing agent during the plutonium decontamination. The final plutonium
precipitate was washed with ammonium nitrate.

The next process involved transferring the plutonium from the bismuth
phosphate carrier to a lanthanum fluoride carrier. Hydrofluoric acid was
used to acidify the transfer solution and cause lanthanum fluoride to
precipitate, carrying the plutonium with it. Potassium hydroxide was used to
change the lanthanum precipitate into a soluble compound; then the
precipitate was dissolved in nitric acid.

The plutonium was then reduced using ammonium sulphate and precipitated as a
peroxide by the addition of hydrogen peroxide. The plutonium peroxide was
dissolved into nitric acid. This solution was concentrated to produce the
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final plutonium nitrate product, which was originally shipped off site for
conversion to plutonium oxide or plutonium metal.

In 1968, the B Plant was converted to a waste-fractionization plant as part
of a program to solidify high-level waste. The B Plant now functions to
remove cesium and strontium from PUREX current acid waste and from high-level
supernatant liquids, as well as sludges from self-boiling liquid waste.

The solids are removed from the current acid waste and treated for strontium
removal, and the liquid is treated-with phosphotungstic acid to precipitate
the cesium. The supernatant liquid is sent to a series of solvent extraction
columns, similar to those used at the PUREX Plant, to remove and purify any
remaining strontium. The cesium precipitate is redissolved in sodium
hydroxide and treated in ion exchange columns for further purification.
Liquid from stored waste is treated the same as current acid waste, except
that the solids -have already-separated in-the-storage tanks. Sludge from the
storage tanks and solids from current acid waste are dissolved in an acid
solution and sent to the solvent-extraction columns for strontium removal.

Cesium solutions are converted to cesium chloride by the addition of
hydrochloric acid. The liquid is evaporated to yield solid cesium chloride.
This solid is encapsulated in Hasteloy cylinders and stored in an underwater
storage basin at B Plant.

Strontium is precipitated as strontium fluoride by the addition of sodium
fluoride. The strontium fluoride is filtered, dried, and encapsulated in
Hasteloy cylinders. These cylinders, like the cesium cylinders, are stored
in an underwater storage basin at B Plant.

Semiworks and Critical Mass Laboratory. The Semiworks was built in 1949 as a
pilot plant for the REDOX Process; it was later converted to pilot the PUREX
process. The Semiworks originally operated from 1952 to 1957. In 1960, the
Semiworks was reactivated and equipped for the processing and loadout of
fission products; it then operated as both a production and a process
demonstration pilot project for converting the B Plant to a waste-
partitioning facility. In 1967, the Semiworks was shut down, and it is now
being decontaminated and decommissicned. Chemical processes at this facility
were similar to those at the REDOX and PUREX plants.

At the Critical Mass Laboratory, research focuses on the criticality safety
of plutonium in various forms and combinations with other elements. The
resulting data are used to verify analytical methods that predict criticality
safety for plutonium in various fuel cycles.

200 North Area. The 200 North Area was built for the ageing of "green" fuel
(recently irradiated fuel) to allow for the decay of short lived
radionuclides before processing the fuel. Irradiated fuel was stored in
water basins while the decay process was proceeding. The area was only used
during the first several years of operations, when it was discovered that the
required fuel ageing time was much shorter than originally predicted. This
discovery allowed the use of the 200 Area to be discontinued in 1952.
Several of the sites within the 200 North Area only received waste during the
pre-retirement cleaninn of the basin- actually used to store fuel.
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200-West Area Plants

U Plant. Although the U Plant (constructed between 1943 and 1944) was one of
the three original fuels-separation facilities designed to use the bismuth
phosphate process, it was never used for that purpose.

Uranium was not recovered by the bismuth phosphate extraction of plutonium
from irradiated fuel. However, the later-developed REDOX and PUREX processes
recovered the uranium, which still had economic value. Following startup of
the REDOX Plant, the U Plant was converted to recover the uranium from stored
radioactive waste. From 1952 to 1958, stored waste was transferred to the U
Plant for uranium recovery. The resultant sludge was dissolved in nitric
acid, and then the uranium was extracted using tributyl phosphate in a normal
paraffin diluent. This process left the fission products, sulfate, and
phosphate ions in the aqueous acid solution. The uranium was then stripped
from the organic solvent with nitric acid. This nitric acid solution was
concentrated and sent to the uranium oxide process.

Although the uranium recovery processing is no longer going on, the adjacent
uranium oxide plant is still operational. This plant received uranyl nitrate
solution from the recovery process and from the REDOX Plant and calcined it
to uranium trioxide. The uranium oxide plant now processes the product
uranium from the PUREX Plant. Nitric acid is recycled to the PUREX process
as a by-product of the calcination process. The uranium trioxide is shipped
offsite for use as nuclear fuel.

REDOX Plant. The REDOX process for fuels separation succeeded the bismuth
phosphate process and preceded the PUREX process. The REDOX Plant was
constructed from May 1950 to August 1951; it operated until it was shut down
in July 1967.. An analytical laboratory near the facility is still
operational. This laboratory supports B-Plant operations and performs
research and development in support of waste management and environmental
control operations. The laboratory also functions as a backup laboratory to
the PUREX and Z-Plant analytical laboratories.

The REDOX Plant used a solvent extraction process to separate uranium and
plutonium from fission products and each other. Methyl isobutyl ketone
(MIBK) was the organic solvent that was used.

The fuel elements were prepared for nitric acid dissolution using the methods
from the bismuth phosphate process. Sodium dichromate was added to the
nitric acid solvent to oxidize plutonium to a state suitable for organic
extraction.

Aluminum nitrate was added to the acid solution as a salting agent for the
first extraction column. This salting agent caused the uranium and plutonium
to be preferentially extracted by MIBK, leaving the fission products in the
aqueous phase. In a second extraction column, a reducing agent was added to
the aqueous phase to reduce the plutonium so that it would be removed from
the uranium and extracted into the aqueous phase. The organic uranium
solution and the aqueous-plutonium solution were then processed separately
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purified further, and concentrated into their respective products; uranium
nitrate hexahydrate (UNH) and plutonium nitrate. The plutonium nitrate was
sent to the Z Plant for processing into plutonium oxide or plutonium metal.
The UNH was sent to the uranium oxide plant.

The organic solvent was treated for recycling by removing decomposition
products and by further decontamination. Aqueous streams were concentrated,
then the aluminum nitrate was converted to sodium aluminate by sodium
hydroxide before disposal.

T Plant. The T Plant was one of the original bismuth phosphate fuels-
separation facilities; it was constructed from June 1943 to October 1944 and
operated for the bismuth phosphate process from 1944 to 1956. Since 1956,
facilities in the T Plant have been used for decontamination and equipment
repair.

rZPtant --- Constructed in-1949, the Z Plant was the site of the plutonium
laboratory and finishing operations, including the processing of plutonium
scrap materials and preparation of plutonium products. The plutonium parts
preparation ceased in December 1965. A process known as "recouplex" was
operated at the plant from 1955 to 1962 to recover plutonium from scrap and
produce a plutonium nitrate solution. The Plutonium Reclamation Facility
began operations in 1964 to perform the functions of the recouplex process.

The recouplex process used nitric acid and hydrofluoric acid to dissolve
solids and a tributyl phosphate-carbon tetrachloride solvent extraction
process for recovery of purified plutonium nitrate solutions. Aluminum
nitrate was used to salt the aqueous streams for selective extraction of
plutonium and to create complexed fluoride ions as aluminum fluoroxide
nitrate to prevent their interference during plutonium extraction. Americium
was also recovered in the Plutonium Reprocessing Facility using dibutyl butyl
phosphonate (DBEP) in a carbon tetrachloride diluent. The DBBP has
subsequently been replaced with tributyl phosphate.

The Plutonium Processing Facility converts plutonium nitrate to plutonium
oxide and then to plutonium metal, if metal is the desired product. The
plutonium oxide is made by precipitating the plutonium as plutonium oxalate
and then calcining the precipitate. To produce metal, the plutonium oxide is
first converted to plutonium fluoride. The fluoride is placed in an iron
can, which is placed in a magnesium oxide crucible with calcium metal. A
reducing charge is applied to the crucible to reduce the plutonium fluoride
to plutonium metal, which is then molded into a button. The remaining iron,
calcium, and magnesium are dissolved in nitric acid for disposal.

Reference 1, pages 2.15-2.23, Reference 21, pages 449-462.
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5 TARGETS

Surface Water Use

Use(s) of surface water within 3 miles downstream of the hazardous substance:

Surface water within the distance of the furthest point of contamination
(i.e., the Richland water intake) is used as a source of drinking water, a
source of crop irrigation water, a water source at the Ringold fish hatchery,
and for recreation (boating, swimming, and fishing). The surface water
within three miles downstream is used for recreation. The City of Richland
draws water from the river for their drinking water. The 300 Area also
withdraws drinking water from the river. There are river water intakes at
Ringold Flats, Taylor Flats, Battelle Farm Operations and the Tri-Cities
University Center (TUC) where the water is used to irrigate forage and food
crops. Part of the water used to rear steelhead trout at the Ringold
hatchery comes from-the-river. ---Because--this reach-of the Columbia Rivef
part of the upstream migration route of several salmon species and steelhead
trout, this reach is a popular spot for fishing.

Reference 2, pg. 3.19; Reference 13, pg. 11.3-4; Reference 14, pgs. 4.28,
4.10; Reference 15;.Reference 16; Reference 17; Reference 18; Reference 32;
Reference 33; Reference 34.
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Is there tidal influence?

The site is located upstream of four hydroelectric dams, therefore, no tidal
influence is observed in the River at the site.

Reference 2, pg 2.1.

Distance to a Sensitive Environment

Distance to 5-acre (minimum) coastal wetland, if 2 miles or less:

Not applicable.

Distance to 5-acre (minimum) fresh-water wetland, if 1 mile or less:

There is no fresh-water wetland within 1 mile of the defined site boundary.

Reference 15; Reference 16; Reference 17.

Distance to critical habitat of an endangered species or national wildlife
refuge, if 1 mile or less:

Although there are several sensitive and threatened species that are
-residents of Hanford Site (for at least part of the year), no endangered
-species are known to beresidents of the site. Two threatened species, the
bald eagle and the ferruginous hawk, are residents of the site (for at least
part of the year). Because there are no endangered species (state or
federal) that reside at the site, there is no critical habitat to be
considered in the ranking of the 200 Area Site.

The draft Phase I-Installation Assessment of Inactive Waste-Disposal Sites at
Hanford, Volume 1, July 1986 listed the Merriam's Shrew as being on the State
Endangered Species list. This information was taken from a list published in
a preliminary draft of an environmental impact statement, and, since the
referenced February 1987 list shows the Merriam's Shrew as only a proposed
sensitive species, it is assumed that the previous list taken from the
preliminary draft is in error.

Reference 1; Reference 19.

Population Served by Surface Water

Location(s) of water-supply intake(s) within 3 miles (free-flowing bodies) or
1 mile (static water bodies) downstream of the hazardous substance and
population served by each intake:

River water is withdrawn at five locations within 3 miles of the farthest
point of downstream contamination (i.e., Richland City Water Intake) which is
used for drinking water and irrigation. Four of these five are irrigation
intakes which are Ringold Flats, Taylor Flats, Battelle Farm Operations and
Tri-Cities University Center (TUC). The fifth intake is the Richland City
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Water Intake which is used for drinking water. The Richland city water
system serves a population of 33,578 based on the 1980 census. The Richland
city water system also has emergency interties with the City of Kennewick
water system and the Hanford 300 Area (which also has an intake from the
river located in the 300 Area). The Kennewick population is 34,387 based on
1980 census. The population served by the 300 Area is 3110 Hanford workers.
The City of Pasco does not have an emergency intertie with the City of
Richland water system. Therefore, the population of Pasco was not
considered. The other three intakes are only used for irrigation water.

Reference 2, pg. 3.19; Reference 20; Reference 15; Reference 16; Reference
17; Reference 18; Reference 14, pg. 4.33; Reference 32; Reference 34.

e.
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Computation of land area irrigated by above-cited intake(s) and conversion to
population (1.5 people per acre):

The acreage of irrigated land at Ringold Flats, Taylor Flats, Battelle Farm
Operations and Tri-Cities University Center (TUC) is 330 acres, 270 acres,
168 acres and 160 acres, respectively. Based on the formula of 1.5 people
per acre the following calculations are made to determine the population
associated with the irrigated land:

Ringold Flats Population - 330 acres x 1.5 people/acre - 495 people

Taylor Flats Population - 270 acres x 1.5 people/acre - 405 people

TUC Population - 160 acres x 1.5 people/acre - 240 people

Battelle Farm Operations - 168 acres x 1.5 people/acre - 252 people

Total Population - 1392 people

Reference 15; Reference 16; Reference 17; Reference 32; Reference 34.

Total population served:

The sum of the population served by the Richland City drinking water system
and the irrigated land population is 69,530. This total does not include the
3110 300-Area workers since they would also be counted in the City of
Richland and City of Kennewick numbers. This will avoid double counting of
populations.

Name/description of nearest of above water intakes:

The nearest water intake with the largest population would be the Richland
City Intake. This intake is used for drinking water.

Reference 28; Reference 12, page 3; Reference 29

Distance to above-cited intakes, measured in stream miles.

Contamination has been observed-at the City of Richland intake. All other
intakes are within the-contaminated portions of the river as defined in the
observed release; therefore, the distance is zero.

Reference 15; Reference 16.
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AIR ROUTE

1 OBSERVED RELEASE

Contaminants detected:

Even though air concentrations of some of the constituents of interest can be
detected above background offsite, no air monitoring data were found
sufficient for HRS scoring of the Hanford CERCLA sites. These constituents
of interest detected above background offsite are present in the routine
gaseous effluents from operating facilities at Hanford. Therefore, the air
route rating factors were not scored.

Date and location of detection of contaminants:

Not applicable.

Methods used to detect the contaminants:

Not applicable.

Rationale for attributing the contaminants to the site:

Not applicable.

2 WASTE CHARACTERISTICS

Reactivity and Incompatibility

Most reactive compound:

Not applicable.

Most incompatible pair of compounds:

Not applicable.
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Toxicity

Most toxic compound:

Not applicable.

Hazardous Waste Quantity

Total quantity of hazardous waste:

Not applicable.

Basis of estimating and/or computing waste quantity:

Not applicable.

3 TARGETS

Population Within 4-Mile Radius

Circle radius used, give population, and indicate how determined:

0 to 4 mi 0 to 1 mi 0 to 1/2 mi 0 to 1/4 mi

Not applicable.

Distance to a Sensitive Environment

Distance to 5-acre (minimum) coastal wetland, if 2 miles or less:

Not applicable.

Distance to 5-acre (minimum) fresh-water wetland, if 1 mile or less:

Not applicable.
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Distance to critical habitat of an endangered species, if 1 mile or less:

Not applicable.

Land Use

Distance to commercial/industrial area, if 1 mile or less:

Not applicable.

Distance to national or state park, forest,, or wildlife reserve, if 2 miles
or less:

Not applicable.

Distance to residential area, if 2 miles or less:

Not applicable.

Distance to agricultural land in production within past 5 years, if 1 mile or
less:

Not applicable.

Distance to prime agricultural land in production within past 5 years, if 2
miles or less:

Not applicable.

Is a historic or landmark site (National Register or Historic Places and
National Natural Landmarks) within the view of the site?
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REFERENCE 1

Draft Phase I Installation Assessment of Inactive

Waste-Disosal Sites at Hanford, Volume 1



-production reactor stIll In operation. The reactor is a dual-purpose unit and

provides low-pressure steam for the 860 megawatt WNP generating plant nearby.

The reactor core's cooling water is recycled after it is passed through a heat

exchanger that cools the water and produces the steam used by the WNP

generating plant. Fewer than 1,500 people work in this area (Yandon 1977).

The reactor's water treatment plant is an updated version of the treat-

ment systems used at the older reactors. The nonradioactive effluents it

treats originate from the secondary side of the cooling-water system. Radio-

active waste streams are discharged to cribs. The water from these waste

streams eventually discharges to the Columbia River via the ground water. The

N Reactor contains same additional alloys and material that were not present

in the older reactors. These materials are protected from corrosion and the

heat transfer surfaces protected against fouling by suitable water treatment.

2.3.2 200 Areas

In the approximate middle of the Hanford Site, on a plateau about 11

kilometers (7 mi) from the Columbia River, are the two 200 Areas (200-East and

200-Wst), dedicated to chemical separations and waste management. Irradiated

fuel, waste-processing, and waste-storage activities are located in these

two areas because they are the most isolated from the Site boundaries and are

the farthest from both surface and ground water. The water table in this area

is 46 to 91 meters (150 to 300 ft) below the surface.

The 200-Area plateau is a glacial, fluvial gravel bar. A thin surface

layer of wind-blown silts and sands covers the well-sorted, coarse sands that

comprise the Hanford Formation sediments.

Fewer than 3,000 employees work in the 200 Areas (per shift); slightly

more than half are in the 200-West Area (Yandon 1977).

The 200 Areas contain nonradioactive support facilities, including trans-

portation maintenance buildings, service stations, and coal-fired powerhouses

(with baghouses for airstream cleanup) for process steam production, steam

transmission lines, raw-water treatment plants, water-storage tanks, electrical

2.15

Ref. 1.1



maintenance facilities, and subsurface sewage disposal systems. In short, the

200 Areas are almost cities to themselves in that tney have most of the

utilities necessary to be self supporting.

2.3.2.1 200-East Area Plants

The 200-East Area is a controlled area of approximately 8.4 square

kilometers (3.2 sq mi). It is about 10 kilometers (6.2 mi) from the Columbia

River and 18 kilometers (11 mi) from the nearest Hanford Site boundary. It is

located on a plateau at an elevation of approximately 200 meters (656 ft)

above mean sea level (MSL). The surface slopes from southwest to northeast,

with a maximum difference in elevation across the Site of about 25 meters

(82 ft). Depth to ground water ranges from 47 to 103 meters (155 to 338 ft).

There are no naturally occurring surface-water bodies within the 200-East

Area. Huwever, process cooling water and aqueous wastes are discharged to an

open ditch that carries the effluents to a large impoundment (B-Pond) located

just east of the area. West Lake is a small, natural lake located about

4 kilometers (2.5 mi) north of the area. Gable Mountain Pond, fonned as a

result of waste-water disposal from the 200 Areas, is about 3 kilometers
(1.9 mi) to the north. It will no longer be in use after 1987.

PUREX Plant. The Plutonium URanium EXtraction (PUREX) Plant is the must

recently constructed of the irradiated-fuel processing plants. Constructed

between April 1953 and October 1955, the PUREX Plant took over fuel-processing

operations from the REDuction OXidation (REDOX) Plant. The PUREX Plant was

operated from 1956 to 1972; in 1972 it was placed in operational standby mode.

Plant operations were resumed in 1983.

At this facility, uranium, plutonium, and neptunium are separated from-

fission products found in the production reactors' irradiated uranium fuel.

The process steps involve fuel-element decladding, uranium metal dissolution,

solvent extraction, ion-exchange.and product loddout.

Zirconium cladding on fuel elements is removed in an ammonium fluuride-

annonium nitrate (AFAN) solution. ,Ammonium fluoride reacts with the

zirconium, resulting in a soluble zirconium compound. The ammunia and
hydrogen evolved during decladding present a potential combustion hazard.

Therefore hydrogen is converted to ammonia by reaction witn ammonium nitrate
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present in the AFAN solution. The dissolver solution is then processed to

remove plutonium and uranium that dissolved with the cladding. Gas released

from the dissolver is treated to remove iodine in a silver reactor, is acid-

adsorbed, and is only then released to the atmosphere. The off-gases are

treated with hydrogen peroxide to remove nitrogen oxides before being released

to the atmosphere.

Odclad fuel elements are dissolved in nitric acid for the solvent extrac-

tion processes. An organic solvent is used to separate the uranium, plutonium,

and neptunium from associated fission products and from each other. The organic

solvent used in a series of extraction and stripping operations is a 30% solu-

tion of tributyl phosphate in a normal paraffin hydrocarbon (kerosene) diluent.

The first extraction cycle separates the bulk of the fission products

from the plutonium, uranium, and neptunium; the fission products remain in the

aqueous phase. The organic phase is sent to the partitioning cycle where the

plutonium is partitioned from -the uranium and neptunium. The plutonium stream

is routed through two additional solvent-extraction cycles for further purifi-

cation. After purification, the plutonium stream is concentrated. From 1956
to 1972, the concentrated plutonium nitrate solution was sent to the plutonium
finishing operations located in the 200-West Area. When the PUREX Plant

resumed operationS in 1983, an additional facility was added that produced
plutonium oxide from the plutonium nitrate.

The ocher stream from the partition cycle, which bears the neptunium and
uranium, is routed to the final uranium cycle where neptunium is separated.
The aqueous neptunium stream is sent to the backcycle waste system for
concentration and recycling to the solvent-extraction column. The uranium

stream is routed to a column that strips the uranium from the organic stream

with an aqueous nitric acid solution; concentration of the aqueous solution

follows. The uranium product, uranyl nitrate hexahydrate (UNH), is then

stored in tanks until it is shipped to the U03 plant in the 200-West Area.

A portion of the concentrated neptunium solution from the final uranium

cycle is sent to the neptunium recovery and purification cycle. - n this
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cycle, neptunium is separated from the uranium, plutonium, and the remaining

fission products in the neptunium stream. This separation is accomplished by

a series of extractions and ion-exchange columns. The plutonium and uranium

fractions are recycled to the backcycle waste system and partitioning cycle,

respectively.

Supporting process systems include organic solvent decontamination and

recovery, nitric acid recovery, and waste concentration and recovery.

B Plant. The 8 Plant, one of the original fuels-separation facilities,

was constructed between August 1943 and February 1945; it was operated until

1952. The plant used the bismuth phosphate process to separate plutonium from

irradiated uranium fuel. This process produced a very dilute waste stream

that contained the uranium and most of the fission products from the fuel

elements.- Unlike-the-PUREX-process, the bismuth phosphate process separated

plutonium from uranium and fission products by precipitating the plutonium

onto a bismuth phosphate carrier.

The uranium fuel elements processed by the bismuth phosphate process were

jacketed with aluminum. These jackets were removed in a sodium hydroxide-

sodium nitrate (NaOH-NaNO3 ) solution, with the NaNO 3 acting as a hydrogen

scavenger. Some of the silicon used as a binder in the fuel elements was dis-

solved during jacket removal. This operation produced sodium silicate, sodium

aluminate, and sodium nitrite.

After jacket removal, the fuel elements were dissolved in nitric acid;

sulfuric acid was then added to complex the uranium. Complexing of uranium

prevented it from being precipitated as uranyl phosphate during later

plutonium precipitation. The metal solution was pre-treated with sodium

nitrite to oxidize or reduce plutonium to the correct state for precipitation.

Bismuth phosphate was then added to the metal solution and the resulting

slurry was centrifuged. The solid cake was redissolved in nitric acid for

further decontamination of the plutonium.

The decontamination involved several dissolutions and subsequent precipi-

tations of plutonium. Sodium bismuthate and sodium dichromate were used as
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oxidizing agents, and sodium nitrite or oxalic acid was used as a reducing

agent during the plutonium decontamination. The final plutonium precipitate

was washed with ammonium nitrate.

The next process involved transferring the plutonium from the bismuth

phosphate carrier to a lanthanum fluoride carrier. Hydrofluoric acid was used

to acidify the transfer solution and cause lanthanum fluoride to precipitate,

carrying the plutonium with it. Potassium hydroxide was used to change the

lanthanum precipitate into a soluble compound; then the precipitate was

dissolved in nitric acid.

The plutonium was then reduced using ammonium sulphate and precipitated

as a peroxide by the addition of hydrogen peroxide. The plutonium peroxide

was dissolved into nitric acid. This solution was concentrated to produce the

final plutonium nitrate product, which was originally shipped off site for

conversion to plutonium oxide or plutonium metal.

In 1968, the B Plant was converted to a waste-fractionization plant as

part of a program to solidify high-level waste. The B Plant now functions to

remove cesium and strontium from PUREX current acid waste and from high-level

supernatant liquids, as well as sludges from self-boiling liquid waste.

The solids are removed from the current acid waste and treated for

strontium removal, and the liquid is treated with phosphotungstic acid to

precipitate the cesium. The supernatant liquid is sent to a series of solvent

extraction columns, similar to those used at the PUREX Plant, to remove and

purify any remaining strontium. The cesium precipitate is redissolved in

sodium hydroxide and treated in ion exchange columns for further purification.

Liquid from stored waste is treated the same as current acid waste, except

that the solids have already separated in the storage tanks. Sludge from the

storage tanks and solids from current acid waste are dissolved in an acid

solution and sent to the solvent-extraction columns for strontium removal.

Cesium solutions are converted to-cesium chloride by the addition of

hydrochloric acid. The liquid is evaporated to yield solid cesium chloride.

This solid is encapsulated in'Hasteloye cylinders and stored in an underwater

storage basin at B Plant.
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Strontium is precipitated as strontium fluoride by the addition of sodium

fluoride. The strontium fluoride is filtered, dried, and encapsulated in

Hasteloy cylinders. These cylinders, like the cesium cylinders, are stored

in an underwater storage basin at B Plant.

Semiworks and Critical Mass Laboratory. The Semiworks was built in 1949

as a pilot plant for the REDOX Process; it was later converted to pilot the

PUREX process. The Semiworks originally operated from 1952 to 1957. In 1960,

the Semiworks was reactivated and equipped for the processing and loadout of

fission products; it then operated as both a production and a process demon-

stration pilot project for converting the 8 Plant to a waste-partitioning

facility. In 1967, the Semiworks was shut down, and it is now being decon-

taminated and decommissioned. Chemical processes at this facility were

similar to those at the REDOX and PUREX plants.

At the Criticdl M ss Laboratory, research focuses an the criticality

safety of plutonium in various forms and combinations with other elements.

The resulting data are used to verify analytical methods that predict

criticality safety for plutonium in various fuel cycles.

2.3.2.2 200-West Area Plants

The 200-West Area is a controlled area of approximately 8.2 square

kilometers (3.2 sq mi); it is about 8 kilometers (S mi) from the Columbia

River and 11 kilometers (6.8 mi) from the nearest Site boundary. In the early

1980s, it was expanded to the west to add land for future burial grounds.

There- are no naturally occurring surface water bodies within the 200-West

Area; however, process cooling water and aqueous waste are discharged to

surface impoundments, creating several artificial ponds within or adjacent to

the area.

The-water table beneath the 200-West-Area lies within the Ringold Forma-

tion, which has a relatively high permeability. The water table lies at a

depth of 55 to 82 meters (180 to 270 ft).

U Plant. Although the U Plant (constructed between 1943 and 1944 was

one of the three original fuels-separation facilities designed to use the

bismuth phosphate process, it was never used for that purpose.
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Uranium was not recovered by the bismuth phosphate extraction of pluton-

ium from irradiated fuel. However, the later-developed REDOX and PUREX

processes recovered the uranium, which still had economic value. Following

startup of the REDOX Plant, the U Plant was converted to recover the uranium

from stored radioactive waste. From 1952 to 1958, stored-waste was trans-

ferred to the U-Plant-for uranium-recovery. -The resultant sludge was dis-

solved in nitric acid, and then the uranium was extracted using tributyl

phosphate in a normal paraffin diluent. This process left the fission

products, sulfate, and. phosphate ions in the aqueous acid solution. The

uranium was then stripped from the organic solvent with nitric acid. This

nitric acid solution was concentrated and sent to the uranium oxide process.

Although the uranium recovery processing is no longer going on, the

adjacent uranium oxide plant is still operational. This plant received uranyl

nitrate solution from the recovery process and from the REDOX Plant and

calcined it to uranium trioxide. The uranium oxide plant now processes the

product uranium from the PUREX Plant. Nitric acid is recycled to the PUREX

process as a by-product of the calcination process. The uranium trioxide is

shipped off site for use as nuclear fuel.

REDOX Plant. The REDOX process for fuels separation succeeded the

bismuth-phosphate-process -and -preceded-the PUREX process. The REDOX Plant was

constructed from May 1950 to August 1951; it operated until it was shut down

in July 1967. An analytical laboratory near the facility is still operational.

This laboratory supports B-Plant operations and performs research and develop-
ment in support of waste management and environmental control operations. The

laboratory also functions as a backup laboratory to the PUREX and Z-Plant

analytical laboratories.

The REDOX Plant used a solvent extraction process to separate uranium and

plutonium from fission products and each other. Methyl isobutyl ketone (MIBK).

was the organic solvent that was used.

The fuel elements were prepared for ni.tric acid dissolution using the
methods from the bismuth phosphate process. Sodium dichromate was added to

the nitric acid solvent to oxidize plutonium to a state suitable for organic
extraction.
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Aluminum nitrate was added to the acid solution as a salting agent for

the first extraction column. This salting agent caused the uranium and

plutonium to be preferentially extracted by MI8K, leaving the fission products

in the aqueous phase. In a second extraction column, a reducing agent was

added to the aqueous phase to reduce the plutonium so that it would be removed

from the uranium and extracted into the aqueous phase. The organic uranium

solution and the aqueous-plutonium solution were then processed separately,

purified further, and concentrated into their respective products: uranium

nitrate hexahydrate (UNH) and plutonium nitrate. The plutonium nitrate was

sent to the Z Plant for processing into plutonium oxide or plutonium metal.

The UNH was sent to the uranium oxide plant.

The organic solvent was treated for recycling by removing decomposition

products and by further decontamination. Aqueous streams were concentrated,

then the aluminum nitrate was converted to sodium aluminate by sodium

hydroxide before disposal.

T Plant. The T Plant was one of the original bismuth phosphate fuels-

separation fdcilities; it was constructed from June 1943 to October 1944 and
operated for the bismuth phosphate process from 1944 to 1956. Since 1956,
facilities in the T Plant have been used for decontamination and equipment

repair.

Z Plant. Constructed in 1949, the Z Plant was the site of the plutonium

laboratory and finishing operations, including the processing of plutonium

scrap materials and preparation of plutonium products. The plutonium parts

preparation ceased in December 1965. A process known as "recouplex" was

operated at the plant from 1955 to 1962 to recover plutonium from scrap and

produce a plutonium nitrate solution. The Plutonium Reclamation Facility

began operations in 1964 to perform the functions of the recouplex process.

The recouplex process used nitric acid and hydrofluoric acid to dissolve

solids and a tributyl phusphate-carbon tetrachloride solvent extraction

process fur recovery of purified plutonium nitrate solutions. Aluminum

nitrate was used to salt the aqueotis streams for selective extraction of

plutonium and to create complexed fluoride ions as aluminum fluoroxide nitrate

to prevent their interference during plutonium extraction. Americium was also
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recovered in the Plutonium Reprocessing Facility using dibutyl butyl phosphon-

ate (D8P) in a carbon tetrachloride diluent. The DBBP has subsequently been

replaced with tributyl phosphate.

The Plutonium Processing Facility converts plutonium nitrate to plutonium

oxide and then to plutonium metal, if metal is the desired product. The

plutonium oxide is made by precipitating the plutonium as plutonium oxalate

and then calcining the precipitate. To produce metal, the plutonium oxide is

first converted to plutonium fluoride. The fluoride is placed in an iron can,

which is placed In a magnesium oxide crucible with calcium metdl. A reducing

charge is applied to the crucible to reduce the plutonium fluoride to pluton-

lum metal, which is then molded into a button. The remaining iron, calcium,

and magnesium are dissolved in nitric acid for disposal.

2.3.3 300 Area

The 300 Area is located about 1.6 kilometers (1 mi) north of the Richland
city limits, un the bank of the Columbia River. Roughly rectangular in shape,

the area covers about 1.5 square kilometers (370 acres); waste-management

facilities have been added just to the north of the 300 Area.

Occupying a relatively flat area on the west bank of the Columbia River,

the area has an elevation that is about 15 meters (50 ft) above the average

elevation of the adjacent river. The Hanford Site land surface surrounding

the 300 Area is devoid of prominent surface features and slopes gently upward
to the northwest.

The surface sediments in the 300 Area are largely wind-transported sands

and silts. These sediments, which were deposited in dunes up to about

3 meters (9.8 ft) in depth, have been largely stabilized by vegetation. Below

this layer lie 20 to 25 meters (66 to 82 ft) of coarse-grained glaciofluvial

deposits known as the Pasco Gravels; the permeability of these deposits is

very high.

The high porosity and permeability of the sands and gravels that underlie

the area allow any precipitation to infiltrate rapidly. Flooding of any
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These general categories were used in conjunction with the mHRS/HRS
scores to identify the potentially hazardous liquid-effluent disposal sites in

the 200 Areas and to complement the mHRS/HRS score by providing site-specific

information not otherwise addressed. For example, a waste may have contained

complexants that increased contaminant mobility. Although these complexants

were not hazardous chemicals (and thus contributed little to the score), they
increased the potential hazard of a disposal facility by mobilizing radio-
active contaminants. Conversely, factors such as waste volume and distance to
-or-contact-with-the-ground-wateri-,as wel-l--as many other parameters that
Influenced the potential hazard of a facility, were taken into account in the

scaring but were not considered in categorizing the sites. The mHRS/HRS

scores, in combination with waste characteristics, allowed a more comprehen-
sive evaluation of the potential hazard from past waste-disposal practices.

The relative potential hazard from each liquid-effluent disposal site will be
J' described on a plant-by-plant basis for the 200-East and 200-West Areas in

Section 3.3.

Steam condensate and cooling water are primarily river water with little

potential for chemical or radioactive contamination. These liquid effluents

made up a large portion of the water used in the 200 Areas. Steam condensate
and cooling water were most commonly discharged through unlined ditches to

ponds for evaporation or drainage to the ground water. Accidental releases of

radioactive and hazardous substances to these facilities have occurred, but

represent only a small fraction of the waste volume discharged to these sites.
Sites that received Steam condensate and cooling water are not considered to

represent a priority for Phase II characterization, but for those sites that

scored more than 28.5, "further action pending" is recommended.

- Process condensate is that water condensed from closed systems that has
been in direct contact with radioactive material. Process condensa-te can be
acidic- or-alkaline and-often-contains relatively low concentrations of
nitrate, annonia, and possibly volatile organic compounds. It is likely that
certain of these process condensates also contain potentially volatile
radidnuclides. Carbon-14, tritium,--iodine-129, ruthenium-106, dnd other
radionuclides could be contained in process condensates. Because of their

3.10
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REFERENCE 2

Environmental Mnitorina at Hanford for 1986. PNL-6120



2.0. BACKGROUND INFORMATION

2.1. DESCRIPTION OF THE HANFORD SITE

K. R. Price, P. J. Mitchell, and M. 0. Freshley

The U.S. Department of Energy's Hanford Site in located in a rural region of south.
eastern Washington and occuples an e of 1,500 tkm The Site (shown In Fig-
uro 2.1) e about 320 km northeast of Portland, Oregon, 270 km southeast of
Seattle, Washington, and 200 km southwest of Spokane, Washington. The Columbia
River flows through the northern edge of the Hanford Site and forms part of the
eastern boundary. The southern boundary of the Site Includes the Rattlesnake Hills,
which exceed 1000 m In elevation. Both confined and unconfined -aquifers are
present beneath -the Site. -The main geologic units are the Columbia River Basalt
Group, the Ringold Formation, and a series of glaclofluvlal sediments. The Hanford
Project was established In 1943 and was originally designed, built, and operated to
produce plutonium for nuclear weapons.

SURFACE CHARACTERISTICS OF THE
SITE

The semiarid land on which the Hanford Site is
;ocated has a sparse covering of desert shrubs
and drought-resistant grasses. Tw-most
broadly distributed type of vegetation on the
Site is the sagebrush/cheatgrass/bluegrass com-
m'unity. Most abundant of the mammals is the
Great Basin pocket moust.-Gtthebig-game.ani-
mals. the mule deer is the most abundant, while

e cottontail rabbit is the most abundant of the
tl-1lgame animals. Coyotes are also abundant.
-e oaId eagle is a regular winter visitor to the

'olatively large areas of uninhabited land com-
PSANI the Hanford Site.

The Columbia River, which originates in the
0unains of eastern British Columbia, Canada,

0s through the northern edge of the Hanford
S40 and forms part of the Hanford Site's eastern

*unrdary. The river drains a total area of
*WXifmately 70.800 km 2 enroute to the Pacific
v:,ean. The flow of the Colunbia River is
rezlated by Ii dams within the United States, 7
.vream and 4 downstream of the Site. Priest

. Cam-is-the nearest impoundment up--eam of the Site, and McNary Dam is the
esf (am downstream. (The Hanford reach of
C"fC'a River extends from Priest Rapids

O The head of Lake Wallula, which is
'e by McNary Cam.) This is the only stretch
'O''* Ccumbla River within the U.S. that is not

neke by a dam. The width of the river

varies from approximately 300 m to about 1000
m. The flow through this stretch of the river is
relatively swift, with numerous bends and several
islands present throughout the reach.

The flow rate of the Columbia River in this region
is regulated primarily by Priest Rapids Dam.
Hanford reach flows fluctuate significantly
because of the relatively small storage capacity
and operational practices-at the nearby upstream
dams. A minimum flow rate of 1,000 cubic
meters per second (m3/s) [36,000 cubic feet per
second (cds)] has been established at Priest
Rapids. Typical daily flows range from 1,000
n31s (36,000 ds) to 7,000 m3/s (250.000 cts)
with peak spring runoff flows of up to 12,600

3/s (450,000 cis) being recorded. Typical
annual average flows at Priest Rapids Dam are
3,100 r3/s (110,000 cis) to 3.400 t&/s
(120,000 cts). Monthly mean flows typically peak
from April through June and are at the lowest
levels from September through October.

The temperature of the Columbia River varies
seasonally. Minimum temperatures are at-
served during January and February while maxi-
mum temperatures typically occur during August
and September. Monthly temperatures for the
river range from approximately 3C to about 20-C
during the course of a year. Water storage
management practices at upstream dams and
the flow rate of the river dictate, to a large extent.
the thermal characteristics of the Columbia River
along the Hanford reach.
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The Columnbia River system has been developed
-xtensively for hydroelectric power, flood con-

of, navigation, irrigation, and municipal and
t industrial water supplies. In addition, the Han-

ford reach is used for a variety of recreational
activitIes including fishing. hunting, boating,
water skiing. and swimming. The State of
wasittngton has classified the stretch of the
Columbia River from the Washington-Oregon
baer to Grand Coulee Darn (which includes the
Hantard reach) as Class A and established water

Scualify criteria and water use guidelines for this
dass designation. Because these criteria do not

i ntude specific limits for radlionucddes, Environ.
mernal Protection Agency (EPA) and State of
Washington drinking water limit were used for

t comparison. other surface water on the Site
consists of West Lake (a small, natural pond)
am a number of ditches and artificial ponds
reated for routine disposal of waste water.

Hautord's climate is dry and mild: the area
receves approximately 18 cm of precipitation
Jtualty. About 40% of the total precipitation
-==s during Noverber, December, and Janu-
$Jy. only 10% falls in July, August, and Septen-
stf. Approximately 45% of all precipitation from
J ecember through February is snow. The aver-

a mnrrnmand maximum temperatures in July
i- ?r8C and 320C. For January, the average

'.e0V8Sr9rs are 3* and -40.

7 m"y average wind speeds range from about
'2 hM ft in the summer to 14 kmih in the winter.

+ rrevailing regional winds are from the
: F"est. with occasional cold-air drainage into
4hey and OCcurrences of strong crosswinds.
N regin is a typical desert area with frequent
v-Cg inversions that occur at night and break
& mg the day, resulting in unstable and

Wnd conditions.

t" near the Hanford Site is primarily used for
- aWt.ture and for livestock graZing. Agricultural

Z rl uound north and east of the Columbia
jm sough of the Yakima River. These
conain Orchards. vineyards, and fields of

" t 3 feat. and vegetables. The Hanford Site
C tre Columbia River is shared between a

te management area and a federat
w f etuc The northeast slope of the Rattle-

' "s "ong the southwestem boundary of
Pi# Jis qnated as the Art Lands Ecology

ALE, and is used for ecological

The major population center nearest to the Han-
ford Site is the Tri-Citles area (Richland, Pasco,
and Kennewick), which is situated on the Colum-
bia River downstream from the Site and has a
population of approximately 90,000. Approxi-
mately 340,000 people live within an 80-km
radius of the Hanford Site. This nurnter includes
people living in the Tri-Citles, the Yakima area,
several small communities, and the surrounding
agricultural area. More detail on Site carac-
teristics and activities is available in "The Final
Environmental Statement, Waste Management
Operations, Hadord Reservation" (ERDA 1975).

SUBSURFACE CHARACTERISTICS OF
THE SrTE

The DOE operations on the.Site have resulted in
the production of large volumes of waste water
that have historically been discharged to the
ground through cribs, ditches, and ponds.
These discharges greatly influence the physics
and chemistry of the subsurface. Approximately
25 billion liters of liquid effluent in the 200 Areas
and 2.8 billion liters of liquid effluent in the
100N Area were disposed to the ground during
1986, including process cooling water and water
containing low-level radioactive wastes. The dis-
charge of waste water to the ground at the
Hanford Site began in the mid-forties and
reached a peak in 1955. After 1955, discharge
to cribs declined because of improved treatment
of waste streams and the deactivation of various
facilities (Graham at at. 1981). Since tMe restart
of the Plutonium and Uranium Extraction
(PUREX) Plant and related facilities in late 1983,
discharge of PUREX-related effluents has
resumed.

Subsurface structures, such as cribs, have
primarily been used for the disposal of water
containing radioactive wastes, while surface
ponds and ditches have primarily been used for
the disposal of uncontaminated cooling water
(Grafram et al. 1981). Sanitary wastes are
discharged to the ground via tile fields. The
majority of liquid disposal occurred in the Separa-
tions Area, which includes the 200-East (20E)
and 200-West (200W) Areas (Figure 2.1).
Smaller amounts of waste water were disposed
in the 100 and 300 Areas. Discharges at waste
water to the ground in the 400 Area were
minimaL
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Geologic and hydrologiO properties of the sub-surface, including straflgraphy and physical andchemical properties of the host rock, influencethe movement of the liquid effluents. Thegeology and hydrology beneath the Site and the
physical nature of liquid effluent movement aredesnoted in more detail In t followingsections

Geology

The main geologic units beneath the HartfordSite include, in ascending oder, the ColumiaiRiver Basalt Group, the Ringold Fonnation, and aseries of glacofkIviaj Sediments infornmly knownas the Harford formation. A generalized go-logic cross section of the Site Is shown I Figure2.2.
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FIGURE 2.2. Geologic Cross Section of theSite (modified from Tallman eta. 1979)
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The Columbia River Basat Group is a thick seng.of basalt flows. The basalts have been waand folded, producing anticlines that, in sorr.places, crop out at the land sueace. The Ringo.-
Formation overlies the basalts except in so(M'localized areas. This formation consists of fluv,8and lacustrine sediments and is separated iftar ithologic units: basal, lower, middle, mupper. The basal and middle units conswMostly of sernicnsolidated gravels and sand
whereas the lower anm upper units conssmainly of bedded silts and sands. seneam the200-West Area, sediments of the upper RingoicFormation have been reworked by the wind an,deposited as a silt layer cailed the Palouse soilThe Harford formation rests atop the RingoicFormation or Palouse soil. The Hanford forma.
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te Ringold formation has been removed.
These sediments were deposited by the an-
castral Columbia Riverwhen it was swollen by gla-
cial mettwater. The gtaciofluvial sediments con-
sist pumarily of-graels = sands -with-isome
silts (Newcorft Strand and Frank 1972).

Hydrology

Soth confined and unconfined aquifere are
present beneath the Hanford Site. The confined
aquifers, in which the ground water Is under pres-
sure greater than that of the atmosphere, are
found primarily within the Columbia River basalts.
in general, the unconfined or water-table aquifer
L located in the Ringold Formation and glacio-
lluvial sediments. as wed as some more recent
alluvial sediments in areas adjacent to the Colum-
bia River (Gephat et aL 1979). This relatively
s=alow aquifer has been affected by waste-
water disposal at Hanford more than the
confined aquifers (Graham et al. 1981). There-
'ore, the unconfined aquifer is the most
Thoroughty monitored aquifer beneath the Site.

The unconfined aquifer is bounded below by
ether the basalt surface or, in places, the rela.
bvely impervious clays and silts of the lower unit
or the Ringold Formation. Laterally, the uncon-
4eO aquifer is bounded by the antictinal basalt
r;es that ring the basin and by the Yakima and
C"Ijnbia rivers. The basalt ridges above the
eaer table have a low permeability and act as a

mener to lateral flow of the ground water
- fart et at. 1979). The saturated thickness of
?4 unconfined aquifer is greater than 61 m in
lomTh areas of the Hanford Site and pinches out
4"g the flanks of the basalt anticlines. The
*00b tram the ground surface to the water table
"'s from less than 0.3 m near the Columbia

4* TO over 10e m in the center of the Site.
-* elevation of the water table above mean sea
11orJuneof 1986 isshown in Figure 2.3.

ca:ge to the unconfined aquifer originates
several Sources (Graham et al. 1981). Natu-

M 'tetarge occurs from precipitation at higher
" cns and runoff from ephemeral streams to

st. such as Cold Creek and Ory Creek.
a.3 River recharges the unconfined

btfn as It flows along the southwest boundary
P "4 Hanord Site. The Columbia River re-

s24S the unconfined aquifer during high
."len river water is transferred to the

'* ' 3119 the river bank. The unconfined
receifs little, if any, recharge from pre-

cipitation directly on the Hanford Site because of
a high rate of evapotranspiration under native
soil and vegetation conditions. However, pre-
sent studies, such as those described by Holler,
-Gee, and Meyers (1985), suggest that precipita-
tion may contribute more recharge to the ground
water flan was originally thought

Large scale artiflicial recharge occurs f rom offste
-agrtituul kalrrgadon and liquid-waste disposal in
the operating areas at Hanford. Recharge from
Irrigation in the Cold Creek Valley enters the
Hanford Site as ground-water flow across the
western boundary. Artificial recharge from waste-
water disposal at Hanford occurs principally in the
Separations Area. It was estimated that re-
charge to the ground water from facilities in the
Separations Area (including B Pond and Gable
Mountain Pond, as well as the various cribs and
trenches in the 200W and 200E Areas) adds ten
times as great an annual volume of water to the
unconfined aquifer as is contnbuted by natural
Inflow to the area from precipitation and irrigation
watersto the west (Graham et al. 1981).

The operational discharge of water has created
ground-water mounds near each of the major
waste-water disposal facilities in the Separations
Area and In the 100 and 300 Areas (Figure 2.3).
These 'mounds have altered the local flow
pattern in the aquifer, which is generally from the
recharge areas in the west to the discharge areas
(primarily the Columbia River) in the east. Water
levels in the unconfined aquifer have changed
continuously during Site operations because of
variations in the volume of waste water
discharged. Consequently, the movement of
ground water and its associated constituents has
'also changed with time.

In addition to the Separations Area. ground-
water mounding also occurs in the 100 and
300 Areas. Ground-water mounding in these
areas Is not as significant as in the Separations
Area because of differences in discharge vol-
umes and subsurface geology. However, in the
100 and 300 Areas, water levels are also greatly
influenced by river stage.

Liquid Effluent Movement

If significant quantities of liquid effluerts are
discharged to the ground at the Hanford Site
waste disposal facilities, then these effluents
would percolate downward through the
unsaturated zone to the water table. As
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efiteis move through the unsaturated mne,
--Isorption onto soil particles, chemical precipita-

n, and ion exchange delays the movement of
some uncomplexed radionuclides, such as
SOSr, 137Cs, and 23 24OPu. Other ions, such
as nitrate (NO3), and radilonucides. such as 3H,
129 , and S97 are not retained by the soil as
readly. These constituents move through the
soil column at varying rates and eventually enter
the ground water. Subsequently, the nonattenu-
ated constituents move downgradlent in the
saute direction as and at a rate nearly or often
equal to the flow of ground water. As the con-
smtuents move with the ground water, radio-
nuclide concentrations are reduced by spread-
ng(dispersion) and radioactive decay.

MAJOR ACTIVMES

Previously, the Hanford Site housed and ope-
rated up to nine production reactors. including
eight with once-through cooling by treated river
water. Between December 1964 and January

.971, all eight reactors with once-through cool-
07 were deactivated. The N Reactor, which is
'Me aroduction reactor remaining in operation,
'as a cosed primary cooling loop.

'ur malor DOE operating areas exist at the
morm Site [i.e., 100, 200, 300, and 400 Areas

S.rxre 2.1)1. The 100 Areas include facilities for
?e N Reactor and the eight deactivated pro-
Scin reactors along the Columbia River. The
YIacOr fuel reprocessing plant (PUREX), Plu-
trtm Finishing Plant (Z Plant), and waste-
Management facilities are on a plateau about
1? 3 km from the river, in the 200 Areas. The
00 Area. just north of the city of Richland,
rts the reactor fuel manufacturing facilities

Oa" research and development laboratories.
Fast Flux Test Facility (FFTF) is located in

1 40 Area. approximately 8.8 kIm northwest oft 30 Area.

___ owned facilities located within the Han-
- S4e boundaries include the Washington

i 0 wer Supply System (Supply System)
't d GeneOlerating station adjacent to N Reac-

Sucoly System power reactor and officeo nd a low-level radioactive-waste burial
LA* :ea'ec Oy U.S. Ecology. The Advanced.0ei COrp (formerly Exxon) fuel fabrica-
*" :cVs immeately adjacent to the Hanford

Principal DOE operating contractors at Hanford
during 1986 included thefollowing:

Rockwell Hanford Operations (Rockwell) - re-
sponsible for fuel reprocessing, waste manage-
ment, and Site support services, such as plant
security, fire protection, central stores, and
electrical power diztrbution.

Battelle Memorial Institute (8M) - responsible for
operating PNL for DOE. Pacific Northwest Lab-
oratory activities Include research and develop-
ment in the physical, life, and environmental
sciences; chemistry: and advanced methods of
nuclear waste management Pacific Northwest
Laboratory is also responsible for environmental
montoring at the Site.

UNC Nuclear Industries (UNC) - responsible for
fabricating N Reactor fuel, operating the
N Reactor, and decommissioning formerly used
DOE facilities, inckuding deactivated production
reactors.

Westinghouse Hanford Company (WHC)-
responsible for operating the Hanford Engineer-
ing Development Laboratory (HEDL), including
advanced reactor developments and the FFTF
test reactor.

Hanford Environmental Health Foundation
(HEHIF) - responsible for occupational medicine
and environmental health support services.

Operational Highlights

Highlights of operational activities at Hanford
during 1986 were

" The N Reactor operated for 182 days, during
which time it supplied steam used by the
Supply System to generate 860 megawatts of
electrical power. Since its startup, the N Reac-
tor has supplied steam for the production of
over 65 billion kilowatt-hours of electrical
power, which has been supplied to the
Bonneville Power Administration grid covering
the Pacific Northwest.

- The PUREX Plant fuel reprocessing facility
located in the 200E Area completed a third
year of operation since restart of operations in
1983. The uranium oxide plant (UO 3 Plant)
operated as needed through .1986. The
Plutonium Reclamation Facility at Z Plant oper-
ated throughout the year as well.

2.7
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collection, in accordance with
procedures. Further details on
found- in- Appendix C and--in
Assurance" section.

documented
analyses are
the 'Quality

RADIOLOGICAL MONITORING
RESULTS FOR THE UNCONFINED
AQUIFER

Ground-water monitoring for certain radiological
constituents at the Hanford Ste was based on
past and/or present waste management prac-
tices. Table 3.6 identifies major constituents
associated with Site operations. Radiological
monitoring results for tritlum, ss alpha, gross
beta. 60Co, 137Cs, 106Ru, 25Sb, 1311, 129,
uranium (total and isotopic), and strontium
isotopes are discussed below. (Nitrate and Cr
results are discussed in this section in 'Chemical
Monitoing Results forthe Unconfined Aquifer.)

Past monitoring results have shown that tuitium is
present in ground water; it also appears to be the
most mobile radionuclide at the Site. As a result,
tritium reflects the extent of contamination in the
ground water from Site operations. Figure 3.12
illustrates the 1986 distribution of average titium
concentrations In the unconfined aquifer,
resulting from 40 years of Site operations.
Contours of tritium concentrations shown in
Figure 3.12 were drawn based on the analysis
of ground-water samples collected from maid-
toring wells. For each well, an average value of
up to 12 tritium measurements was used. (The
contour level of 5000 pCi/L serves to delineate
tritium concentrations above background levels;
this contour was not used in previous reports.) A
summary of tritium concentrations in wells
sampled during 1986 is presented in Appen-
dix A, Table A.12.

Tritium plumes in the 100 Areas are the result of
liquid waste disposal during past and present
reactor operations. During 1986, tritium concen-
trations exceeded the DWS (20,000 pCI/L)
beneath isolated portions of the 1008, 100F,
100K, and 100N Areas. Tritium distributions
beneath the 100B and 10OF Areas appeared to
have stabilized or diminished slightly from 1985
to 1986. The highest tritium concentration
within the 100 Areas was observed in well 1-K.
30 (see Figure 3.10 for location). The average
tritium concentration in that well increased from
420,000 pCI/L in 1985 to about 640,000 pCi/L

in 1986. However, this increase remained within
the range of concentrations measured since
1981- 47(,000 to 880,000 pCi/L). No other
wells within the 100K Area had concentrations in
this range, although tritium concentrations
above background levels appeared in well 1-K-
29 (averaging 27,000 pCI/L). during 1986.
Tritium concentrations in wells surrounding the
10ON Area remained relatively stable during the
past year. The range of average yearly tritium
concentrations in the Immediate vicinity of the
10ON Area liquid disposal facilities was about
30,000 to 110,000 pCI/L. The tritium distribu-
dlon beneath the 10ON Area changed because
liquid effluent disposal to the 1301N Liquid
Waste Disposal Facility (LWDF) was discontinued
and the 1325N LWOF, which Is farther from the
Columbia River than the 1301N LWDF, was
activated. All concentrations observed in the
100 Areas were significantly lower than the DCG
(2,000,000 pCI/) fortriiur.

Several tritium plumes emanated from the 200
Areas. The distribution of tritium beneath the
200E and 200W Areas is the result of disposal of
liquids used in chemical processing activities.
The potential sources of these tritium plumes
were identified by comparing data on each of the
plumes with data presented In the Draft Phase I
Installation Assessment of Inactive Waste-
Disposal Stes at Hanford(a). This comparison
suggested - that - process condensate liquid
wastes from the PUREX Plant (in the 200W Area)
and from past operations at the REDOX Plant (in
the 200W Area) represent the ,major sources of
tritium. (Process condensate is water that is
condensed from closed systems that are in
direct contact with radioactive material.). At both
the PUREX and REDOX plants, process
condensates resulted from the initial dissolution
of the nuclear fael. A widespread plume situated
between the 200E Area and the Columbia River
(Figure 3.12) is primarily a result of operations at
the PUREX Plant during 1956 to 1972. The
historical movement of tritium along ground-
water flow paths from PUREX to the Columbia
River was also observed at individual monitoring
wells. The tritium concentration history at well 6-
41-23 (Figure 3.13), located midway between

(a) U. S. Department of Energy, 1986, Draft
Phase I installation Assessment of Inactive
Waste-Disposal Sites at Hanford, Richland.
Washington.
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FIGURE 3.13. Tritium Concentrations in
Well 6-41-23,
1966Through 1986

the 200E Area and the Columbia River (Fig-
ure 3.10), showed increases (until about 1977)
and decreases (from 1977 to the present) in
concentrations as tritium flowed past the well.
The decrease In concentrations at this well
resulted from the discontinuation of PUREX
operations in 1972, when ground water with a
lower tritium concentration began flowing past
the well. Tritium concentration histories at three
other locations [wells 6-40-1 and 6-42-2 near
the Columbia River (Figure 3.14) and well 6-
42-12A located farther inland (Figure 3.15)]
also showed increases in tritium during the
1970s. Concentrations have not yet begun to
decrease at these wells as sihown by their
location in the plume (within the contour of
200,000 pC/L; see Figure 3.12). It is expected
that concentrations in these three wells will
decrease (as they have in well 6-41-23) when
the cleaner ground water reaches the wells. The
variations in concentrations at wells 6-40-1 and
6-42-2 can be partially attributed to the mixing
of surface water in the aquifer as the Columbia
River stage changes.

Recent increases in tritium concentrations were
observed close to the 200E Area in wells 6-32-
43 and 6-33-42 (located in Figure 3.10). These

-5

U

a.
.1
S

C

a

I-

I.,- 3.20

S

'I Ref.

.. .. .*., *

S *\

C.
a -n

two weds, which were drilled in 1977, showed
decreasing tritium concentrations during the
time the PUREX Plant was shut down, and then
increasing concentrations In 19685 as a result of
Increased lquid waste disposal in ealy 1964 (Fig-
ure 3.16). These increased concentrations ind-
cated the presence of a second, smaller area of
tritium concentrations that were above 200,000
pCI/L In the region near the PUREX Plant (south-
east comer of the 200E Area) (Figure 3.12).

Another major tritium plume, in the southern
portion of the 200W Area, emanated from the
REDOX Plant, which processed fuel from 1951
until 1967. This plume was less widespread and
had higher concentrations than the first plume
produced by the PUREX Plant. The lower
hydraulic conductivity of the geologic media
resulted in slower ground-water flow rates near
the 200W Area.

Figure 3.12 shows 1988 titium concentrations
that were above 5000 pC/IL in the northern
region of the 200W Area, in the region east of
the 200E Area (near B Pond), and between
Gable Butte and Gable Mountain. These plumes
are the result of past Hanford operations. The
waste disposal practices that created these
plumes were not identified.

A comparison of the average tritium con-
centrations in each well for 1986 (Figure 3.12)
showed one plume near REDOX at levels above
the OCG (2,000,000 pCi/L). Several locations
showed tritium concentrations above the DWS
(20,000 pCL/IL). These locations included
1) isolated portions of the 100B, 100F, 100K
and 10ON Areas, 2) the 200W Area, and 3) the
large plume located between the 200E Area and
the Columbia River.

Curing 1986, samples from ten wells were
analyzed for gross alpha activity in the area of the
highest tritium concentrations to the south a1
and along the Colum.tia River and just south of
the midpoint between the 200W and 200E



Te per capita dose was calculated to be
- ,004 mrem (0.00004 mSv).
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RAIOLOGICAL IMPACT FROM PUREX
ptANT OPERATIONS

The PUREX Plant restarted operations in Novem-
ter 1983 and continued operations through
September 1986. In addition to the dose con-
Inbutions identified earler from PUREX Plant
operadfns, other minor dose contributions of
ntees are discussed here. The greatest pe-
rcantage of airborne emission from the PUREX
pn in 1986 was 500,000 Cl of MKr (see
Table G.1, Appendix G). Kypton-85 Is an Inert
gas and is not retained in environmental media or
thte human body. The dose from inhaling MKr Is
small compared with doses from other radio-
nuckides. Even though the curie quantity of this
radianuctide was large, it was a minor contributor
to the radiation dose. The average concntra-
Urn at 8Kr measured in 1988 at the perimeter
4Thtoaring stations-was -100-pG/', wtich-was
coated to produce a potential effective dose
at 0.002 mrem to an individual who was at that
location 100% of the time.

I 198, there was also 0.003 Cl of .'Pu
n airbome emissions from the PUREX Plant (see
table G.1. Appendix G), compared to 0.01 Cl

in 1985. Plutonium-239.240 was also a minor
contributor to the dose from 1986 Hanford
operations, with a maximum potential effective
dose at 0.002 mrem (0.00002 mSv).

4.7

RADIOLOGICAL IMPACT ON DRINKING
WATER FROM WELLS

During 1986. ground water was used as the
source of drinking water for the 400 Area
(FFTF), the Yaidma Garricade Guardhouse, and
the Hantford Patrol Training Academy. Samples
were collected from these systems throughout
the year in accordance with applicable drinking
water regulations. With the exception of tritium
concentratons measured in the drinking water at
the FF1F, 1986 results were similar to those ob-
served during previous years. Tritium concen-
trations in the drinking water at the FFTF de-
creased from an average of 22,000 pCL/L in
1985 to 8,500 pC,/L in 1986 as a result of drill-
ing a new, deeper well for the drinking water
source.

The effective dose to a worker at FFTF consum-
ing 250 L of such water during 1986 was esti-
mated to be 0.13 mrem or 3% of the Washing-
ton State Drinking Water Standard of 4 mremvyr.
Radionuclide concentrations observed during
1986 were well below applicable drinking water
Inits in all cases. The monitoring results, non-
radiological as well as radologicaljrom the Han-
ford Sanitary Water Quality Surveillance Program
are discussed in more detail and reported annu-
ally by HEHF (Somers 1987).
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TABLE 8.1. Strontium-90 Analyses from Columbia River Samples

River Mile
Location

3.0-5.0
5.5-7.5

8.0-9.5
10.0-12.0
14.0-17.5
18.0-22.0
Upstream Columbia
River Concentration
(Average 1983)

DOE Concentration
Guide (USaGE 1981)

Sample ate
I0 Collected

B Camp RW(a) 01/22/83
12/18/82
12/18/82
12/18/82
01/22/83
01/22/83

K Camp RW

N Camp RW

0 Camp RW

H Camp RW

F Camp RW

Concentration,
pCi/t ±2a

0.55 2 0.23

0.18 t 0.02

28 t 0.47

* 1.1 t 0.05

0.50 ± 0.14

0.93 t 0.15

0.18 t 0.22

300

(a) Comp-RW denotes composite river water sample comprised of
aliquots from Immediately preceding river sample locations.

TABLE B.2. Iodine-129 Analyses from Spring and Columbia River Samples

;iver- Mile
Location

27.0
270.O

28.0

29.0
31.75
32.5
Upstream Columbia
River Concentration
(1983 Average)

DOE Concentration
Guide (USaGE 1981)

Sampl e
ID

27.0 R~

28-2 Sp

29.0 RW
31-5 Sp
32-0 Sp

Date
Collected

0 1/22/83
-SOM 09/11/83

09/11/83
01/22/83

09/11/83
09/11/83

(a) RW denotes composite river water sample.b) Sp denotes river bank spring sampl.e.

8.3

Concentration,
DCi/L =2a

3.3x!0 -6 i 1.41L- se-S
1.ExlO -4 Z.1x10-5 P6

6.3x10-5 5.0x10-6

3.CxlO-5 . 4.0x10-6

4.4x10-5 . .7x10-5

2.4x10-5 , 2.6x10- 5

60
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0%

Sample Collection

TABLE C.I. (contd)

Analvses I

ta-11 Key found at and of table.

m
-'I

(4

U'

4.4. a-..'

River wild an) Sample Oa e/TIM , "o ,I U,
Location Sample ID Size Co lected 1 l 2- p p.It t2u CCI/I 2ts

25.1 25-I sp It 01-22-83/155 d 3.6oxil A 2.06x102 0.42 1.0-C
25.5 25-3 Sp it 01-22-83/0945 3.10x102 * 2.06xt02 0.6 4.9*C

It 09-11-83/1300 5.34x12 * 2.10x102 0.47 11.1*C
25.0 25-4 Sp It 01-22-B3/l710 4l.36x10 t 2.Ix (#1 1.111 .C
26.2 26-1 Sp It 01-22-13/1015 3.21x02 * 2.06x502 1.33 4.90C

It 09-11-83/1245 (8.15xs0 1 2.06X102) 0.!s 21.4-C
21.0 21 09--8 102 2 0.09 17.4*C mid river NrC

27.0 aw I 01-22-A8/1127 . (-h12 L 2.I0xIfl 0.?5 2 A 1or27/29 comp.
It 09-hI-83/1221 41.55,10' a 2.02x10'l 0.21 2 * for 21/29 comp..

27-I sp it 01-22-83/1125 2.92x10 4 2.05x02 0.44 4.56C

It 09-1I-83/1215 3.69X l 2.060 2 0.73 15.I8C
27.5 RW It 01-22-83/1336 I.05,I0 3.42S102 2 * jor 27/29 coop. p

It 09-11-83/1200 2.7640 a MUM 0.05 2 1 jar 279 comp.
2 221-3 Sp It 01- 22 -03/133 6  8.03xI 2 3.16xd2 1.90 8.2*C

it 09-11-83/1206 9.17x10 4 9.18x302 3.06 16.*C
28.0 20.0 RW It 0-22-83/i400 ._4.86010 4 6.1002 9.52 2 L Ir 27/28 comp.

It 09-.1 3'/ I 51 6.0 Q10 * 7.61x10 1.18 2 £ ter 21/29 comp.
28-2 Sp It 01-22-83/1400 1.98Ix04 1 1.19O 2  16.6 I.14C

It 09-11--83/I150 I.10x10 *.95XIO 4.65 11.4*C
3 2

28.5 28.5 Ad It 01-22-81/1225 I.IlIxO t 2.22x0 2 * for 27/29 comp.
It 09-11-83/1140 1.92x.0 4 3.28102 2. 35 2 for 21/29 coop.

28-4 Sp It 01-22-83/1425 2.12x0 4 4.54xW 7.5V 5.*c
it 09-11-83/1136 9.69x,0 4A 9.40x1412 8.2 19.8 0C

28.8 20-5 Sp It 01-22-83/1511 4.3I10 1 2.15x,0 1.55 paw location-ulddle of
beach b.twun Sp 28-4
and R4 29

I j



91132 18.03 IS

TABLE C.I. (contd)

Sanle Collection

Riner MiI.44)
Location

29.0

29.5

30.0

30.5

31.0

51.5
38.15
32.0
32.5

33.0

37.2
38.25
41.5

41.0

Sa.p IS
S6ape D1 Size

29.0 Rlc 40 It

29-0 Sp

21/29 comp. RW

29.5 AM

30.0 "ll
30-ISp

30.5 R
31.0 RW

31-I Sp
29/3I comp. RMW
31.5 Rw
31-5 Sp

32.0 Rw
32.5 RW
32-0 Sp
33.0 RW

33-1 Sp
31/33 comp. RMW

31-1 Sp
36-1 Sp
41.5 RW

41-I Sp

Anaivses

DateffIm
CoB lected

01-22-83/1240

09-11-83/ 119

01-22-83/1255

01-22-83/1430

09-I1-83/1221

09-11-63/1100

09-I 1-83/1033

09-11-83/1025

09-11-83/1012

09-11-83/1009

09-11-a3/1005
09-I-83/I100

09-11-63/0946
09-11-63/0950

09-I 1-63/0923

09-11-83/0912

09-11-83/0927

09-I1-83/0900

09-II-83/09110
09-11-03/0950

12-20-82/1047

12-20-82/1120

12-20-62/1235

I.
sCI/A t2u

41.0 Ix 102
4.1 x10 3

1.63xIO I

(I.2300

1.1100
2.56xl0

2.32x 10 3
2.73xI0 3
2.73xr03
9.36XIO 2

1.57x 10

2.07xiO 3

6.86x 102

4.69x02
0.06x00 2

3.17102

5.13x 10

4.3Ix!02
1.19x l0

4.72xi0 2

*

A

A

2.1Ix I0 2

2.75x002

2.34x02

3.60xB 4

3.74XI.02
2.48xdB2

2.44xI 2

2 2

2.51xI02

2.20x 102
2.02x10 )
2.39xIO 2
2.13x 02
2.02xd2 )
2.09x 0 2
2.16x .2
2.06xlO2

2.04XI2 2
2.11x10
2.08x 102
2. IxnIC
2.SOx 10 2

it 12-2011-82/1235

NO ,

0.11
0.24
2.65

2.65
0.35

<0.02

0.15

3.14
0.05

0.05
5.25
0.26
0.15

2.64
0.09
0.85
1.78

0.05
0.75
0.15

5.31
4.65

0.62

3.98

U.
rCA/A A 20

0.406 1 0.143

9.03 A 3.96

Cor7ent

2* (cco 21/29 #:'ap.
an location-beach
bela. RH 29

2 for 21/29 cop.

2.5 a for 29/51 comp.

2.5 i for 29/31 coop.
20.4*C

2.5 A for 29/I comp.

2.5 £ for 29/31 coop.
1s.8*C

2.5 1 for 31/31 coop.

11.4*C
2.5 1 for 36/33 cop.

2.5 A for 31/31 coop.

13.80C
2.5 t Ior 31/33 comp.

11.9*C

6.7.C
6.4*C
2 A for 41.5/44 comp.;
6.2-C

1 *.I0C

(4-t) Keoy #owad at ead of table.

(4 I,

A . hi

n
-. 4



REFERENCE 4

Uncontrolled Hazardous Waste Site Ranking System;

A Users Manual, 40 CFR 300, Appendix A
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REFERENCE 5

Handbook of 200 Area Waste Sites, Volume I

1979 Rockwell Hanford Operations, RHO-CD-673



RHO-CD-673

IdajEX -- VOLUME 1 200 EAST AREA

Southeast Quadrant

216-A-2 Crib
216-A-3 Crib
216-A-4 Crib
216-A-5 Crib
2164-9 Crib
216-A-10 Crib

216-A-11 Crib
216-A-12 French Drain

216-A-13 French Drain
216-A-14 French Drain

216-A-15 French Drain

216-A-16 French Drain

216-A-17 French Drain

216-A-21 French Drain
216-A-22 Crib (Fr. Drai
216-A-23A French Drain
216-A-238 French Drain

216-A-26A French Drain*
216-A-268 French Drain
216-A-27 Crib
216-A-28 Crib
216-A-31 Crib
216-A-32 Crib

1.
I.
I.

I.
I.
I.
I.
I.
I.
r.

I.
I.
I.
I.

n) I.
I.
I.
I.
I.
I.
I.
I.
I.

Ref. 5.1

216-A-33 French Drain I.
216A-35 French Drain I.
216-A-36A Crib I.
216-A-368 Crib I.
216-A-38 Crib I.

216-A-39 Crib 1.
216-40 Trench I.
216-A-41 Crib I.

216-C-1 Crib I.
216-C-2 Crib I.
216-C-3 Crib I.
216-C-4 Crib 1.
216-C-5 Crib I.

216-C-6 Crib I.
216-C-7 Crib I.
216-C-10 Crib I.
218-E-1 Burial Ground I.
218-E-13 Burial Ground I.
218-E-14 Purex Tun. Star.I.
218-E-15 Purex Tun. Star.I.



CONTAMINATED LIQUID DISPOSAL SITES I. SE

Name/Type of Facility I

Crib

Past Olesignation Number

216-A-2 Cavern 21-A-2

Location 200 East, SE Quadrant Service Dates Status

200 East Area, 260 ft south of 202A Bldg. 1/58-1/63 Inactive
900 ft west of Canton Avenue
S.W. of the 291-A-1 stack.

Site Coordinates (Approximate) Reference Orawin-gs 1 Elevations
N-39515, W-48278 H-2-56049 Ground 712 ft

H-2-56050 Water Table 403 ft (1973)
Site Death fft

Source and Description of Waste
2.3 x 105 liters. Organic waste from 202A (Purex). Low-salt, neutral-basic.

Descriotion of Facility
Rock structure, 20 ft x 20 ft bottom surface area.
Deactivatedwhen the specific retention capacity was reached, by removing a section
of effluent pipeline.

Radionuclide Content (calculated

Radionuclide

Pu, g
Beta, Ci
90Sr, Ci
106Ru, Ci
'5tCs, Ci
10Co, C1
U, kg

from discrarge data)
At time

of Discharge

130
590

2
150
3
1

78.1

As of
6/30/78

1.30 x 10Z
<6.49
1.24
3.67 x 10
1.92
7.99 x 10-2
7.81. x 101

Ref. 5.2



RHO-C-673
CONTAMINATED LIQUID DISPOSAL SITES I. SE

Name/Type of Facility Past Designation lunter

Crib 216-A-3 Cavern 216-A-3

Location 200 East, S.E. Quadrant i ce Dates Status

Directly South of 275-EA Bldg. and %1200 ft 1/56 to 11/67 Active
west of Canton Ave.

Site Coordinates (Approximate) Reference Drawings I Elevations

N-40530, W-48540 H-2-55900 Ground 704 ft
H-2-56049 Water Table 404 ft
H-2-56050 Site Depth 16 ft

Source and Description of Waste

2.8 x 106 liters. Silica-Gel regeneration waste from 203-A, the UNH storage
pit drainage and the liquid waste from the 203-A Pumphouse.

Description of Facility

Rock filled crib. Area 20 ft x 20 ft bottom dimensions.

Radionuclide Content (calculated from discharge data)

At Time As of
Radionuclide of Discharge 6/30/78

Pu, g 0.20 .20
Beta, Cl 882 < 0.263
90Sr, Ci 0.10 5.82 X 10-2
106Ru, Ci 350 T.1k z !0-

137Cs, Ci <0.10 < 6.03 x 10-2
60Co, Ci <0.10 < 5.50 X z0-3

U, kg 1.7 x 103 1.68 X 103

History:

Receives UNH storage pit drainage, the liquid waste from the 203-A Pumphouse -

and 203-A Bldi enclosure sumps, and the heating- coil condensate from the P-1 -
through P-4 UNH tanks. The discharge of silica gel to this crib was discontinued
sometime between 1967 and 1970.

Ref. 5.3



L

Ref. 5.4

RHO-CD-673
CONTAMINATED LIQUID DISPOSAL SITES I. SE

Name/Type of Facility Past Designation Number

Crib 216-A-4 Cavern 216-A-4

Location 200 East, S.E. Quadrant Service Dates Status

260 ft south of 202-A Bldg. 12/55-12/58 Inactive
760 ft west of Canton Ave.
150 ft east of 21 -A-2.

Site Coordinates (Approximate) jReference Drawings Elevations
Ground 710 ft

N-39515, W-48158 H-2-56049 Water Table 403 ft(1973)
H-2-56050

Site Depth 25 ft

Source and Description of Waste

6.21 x 106 liters. Laboratory cell drainage from the Purex Plant and 291-A-1
stack drainage. Low-salt, neutral-basic.

Description of Facility
Rock structure 20 ft x 20 ft bottom surface area.
Deactivated when the specific retention capacity was reached by blanking the
pipeline inlet to the crib.

Radionuclide Content (calculated from discharge data)

At Time As of
Radionuclide of Discharoe 6/30/78

Pu, g 140 1o 10
Beta, Ci 864 2.96 x 10190 Sr, Ci 10 5.93
10GRu, Ci 400 2.05 X 0
137Cs, Ci 15 9.19
60CO, Ci 1 6.07 x 10-2
U, kg 399 3.99 x _02



RHO-CV-673
CONTAMINATED LIQUID DISPOSAL SITES I. SE

Name/Type of Facility jPast Designation 'Number

Crib 216-A-5 Cavern 216--5

Location 200 East, S.E. Quadrant i Service Oates Status

450 ft south of 202-A Bldg. 12/55-11/61 1 Inactive
1400 ft west of Canton Ave. -

Site Coordinates (Approximate) Reference Drawings Elevations

N-39510, W-48750 H-2-55900 Ground 710 ft

H-Z-5604% Wtar Table 404 ft (1973)
H-2-56050 Site Death 32 ft

Source and Description of Waste

1.63 x 10 liters. Process condensate from 202-A. Acidic.

Descriptios of Facility

One crib, rock structure, 35 ft x 35 ft bottom surface.
Deactivation: Effluent pipeline to crib was blanked out.

Radionuclide Content (calculated from discharge data)

At Time As of
Radionuclide of Discharge 6/30/78

Pu, g 65 6.50 x 101
Beta, Ci 3400 < 1.5 x 10290Sr, Ci 90 5.62 x 101
1 06Ru, Ci 150 5.05 x :.Z't 7Cs, Ci 25 1.61. x 101-

U, kg 263 2.63 x :02
2 33U, g none

Site Characterization Status

Well No E24-IA was drilled to a depth of 320 ft at the south edge of the
216-A-S crib in 1966 to determine locations and concentrations of subsurface
contamination. Analytical data on core samples from this well show rapidly
decreasing 137Cs concentrations from a moderate level of 4.4 x 10 uCi/g at
about 35 ft to a low level of 10-5 uCi/g at about 65 ft. The 137Cs values were
at or below the detection limit of 10-6 uCi/g throughout most of the soil column.
The 9 0Sr-concentrations were below the detection limit (3.2 x 1015 uCi/g). -

Ref. 5.5



RHO-CD-673

CONTAMINATED LIQUID DISPOSAL SITES I. SE

Name/Type of Facility Past Designation ,uoer

Crib -- 216-A-9

Location 200 East, S.E. Quadrant Service Dates !Status

3/56-2/58
500 ft west of 241-A Tank Farm 4/66-10/68 Inactive
900 ft north of 275-tA Bldg. 8/69-8/69

Site Coordinates (Approximate) Reference Orawings I Elevations
H-2-55577 Ground 694 ftN-41000, Wd48355to .H-2-55578 Water Table 404 ft(1973)N-41297, W-48652 I42557

Site Depth 12 ft

Source and Description of Waste

9.81 x-108 liters. 4 r l cndensat and condenser cooling water from
202-A (3/56-2/58); NFKeactor decontamination waste (1966); acid fractionater
condensate (1969). Acidi.

Description of Facility

One crib, rock structure, 420 ft x 20 ft bottdm area.
Deactivation: Effluent pipeline was blanked north of 202-A-3 Bldg. after replacing
100 ft of effluent pipeline which failed.

Radionuclide Content (calculated from discnarge data)
At Time As of

Radionuclide of Discharge 6/30/78

Pu, g 0.5 .50
Beta, Ci 190 <4-_
90Sr, Ci 25 1.4-9
106Ru, Ci 50 1.TO x 10'
137CS, Ci 10 6.17
0Co, Ci C.14 1.57 x 1O4

U, kg 0.23 0.22T

Site Characterization Status

Well E24-3 monitors the southeast end of the 216--9 Crib. Waste disoosed at-
this site contained only an estimated 54 Ci of radioactivity. No ground contamina-
tion was noted on the 1959 scintillation well log. A small amount of contamina-
tion from 30 ft to 100 ft below ground surface is indicated-on the 1963 log.

Ref. 5.6



CONTAMINATED LIoUiD DISPOSAL SITES
RHO-CD-473
1. SE

Name/Type of Facility

Crib

Past Designation [Number

216-A-10

Location 200 East, S.E. Quadrant Service Dates Status

Approximately 270 ft south of the southwest 11/61- Active
corner of 202-A.

Site Coordinates (Approximate) Reference Drawings Elevations

N-39090, W-48952 to H-2-55576 Ground 714 ft
N-39370, W-48952 H-2-55578 Water Table 404 ft(1973)

H-2-58131 Site Depth

Source and Description of Waste

2.9 x 109 liters. Process condensate from 202-A. Acidic.

Description of Facility

Crib, rock-filled. 275 ft x 45 ft bottom dimensions.

Radionuclide Content (calculated from discharge data)

Radionuclides

Pu, g
Beta, Ci
9 0sr, Ci
106Ru, Ci
137Cs, Cf
60Co, Ci
U, kg
ZS3g, g

At Time
of Discharge

3.4
8.1
1.5
7.3
1.3
1.8
2.0
2.8

102
10s
102
103
102
102
102
102

Site Characterization Status

Ground water samples taken from montioring wells near the 216-A-10 crib prior -
to 1967 show jr Tconceatinj. slightlv above detection limit (1 x lQLaCi/c:).
However, only smallquantities of SSr (3Tcuries) na-dbeen disposed to thii
site. ThLa acidic nature of this waste increases the mobility of 3i3 r through
the soil column.

Ref. 5.7

As of
6/ 30/78

313.0
< T20.0

1'' .0
5.49

l06.0
26.7
204.0
2T7.0



CONTAMINATED LIQUID DISPOSAL SITES

RHO-CD-673
I. SE

Name/Type of Facility

French Drain

Past Designation Number

216-A-11

Location 200 East, S.E. Quadrant Service Dates Status

Southeast corner of 202-A 1/56- Inactive

Site Coordinates (Approximate) Reference Drawings Elevations

H-2-SS090 Ground 708 ft
N-39780, W-48050 H-2-55091 Water Table 404 ft(1973)

H-2-55095 Site Depth 30 ft

Source and Description of Waste

Volume unknown, steam trap Pit No. I drainage from 202A.
Low-salt, neutral/basic.

Descriation of Facility

French drain, 30

Radionuclide Content

in. diameter

(calculated from discharge data)

<50 Ci Beta

Ref. 5.8



CONTAMINATED LIQUID DISPOSAL SITES
RHO-CD-67
I. SE

Name/Type of Facility Past Designation

French Drain

Number

216-A-12

Location 200 East, SE Quadrant Service Dates Status

Canter of South side of 202-A, approximatel3 Inactive
75 ft from the building.

Site coordinates (Approximate) Reference Drawings Elevations
N-39780, W-48503 H-2-53014 Ground 708 ft

H-2-55090 Water Table 404 ft(1973E
H-2-55092 Site Depth 33 ft

Source and Description of Waste

Volume unknown, steam trap Pit No. 3 drainage from 202-A.
Low-salt, neutral/basic.

Description of Facility
French drain, 30 in. diamter.

Radionuclide Content (calculated from discharge data)
<50 Ci total Beta

Ref. 5.9

I



CONTAMINATED LIQUID DISPOSAL SITES

I Name/Type of Facility Past Designation

French Drain

Number

216-A-13

Location 200 East, S.E. Quadrant Service Dates Status

West end of 202-A Bldg. 1/56-12/62 Inactive

sAte Loord-inates- (Approx4mate) Reference-Draw-is ' Elevations

N-39814, W-49010 S 7-22568 Grnd
H-2-55076 Water Table 403 ft

Site Depth 18 ft

Source and Description of Waste

Volume unknown, Seal water from the air sampler vacuum pumps in the 202-A Bldg.
Low-salt, neutral/basic.

Description of Facility.

French Drain, 2 ft diameter.

Radionuclide Content (calculated from discharge data)

Total Beta: -1 Ci

Ref. 5.10

RHO-CO-673
I. SE

I



CONTAMINATED LIQUID DISPOSAL SitES

RHO-CD-673
I. SE

Name/Type of Facility Past Designation

French Drain

Number

216-A-14

Location 200 East, S.E. Quadrant Service Dates Status

South side of the center of the 202-A Bldg. Ltjf to present Inactive
approximately 75 ft, and 75 ft west of / r.
216-A-12.

site Coordinates (Approximate) Reference Drawings Elevations

N-39742, W-48551 H-2-53465 Ground 708 ft
H-2-55090 Water Table 403 ft

Site Death 29 ft

Source and DescriDtion of Waste

Volume unknown. Vacuum filter and blower pit drainage from the 202-A Bldg.
Low-salt, neutral/basic.

Description of Facility

French drain, 2 in. diameter.

Radionuclide Content (calculated from discharge data)

Total Beta: <1 Ci

Ref. 5.11

c

cc



RHO-C-673
I. SECONTAMINATED LIQUID DISPOSAL SITES

Name/Type of Facility Past Designation

French drain

NumAber

216-A-1I5

Location 200 East, S.E. Quadrant Service Dates Status

Approximately 325 ft South of the center of 12/55- Inactive
202-A

Site Coordinates (Approximate) Reference Drawings Elevations

N-39516, W-48656 H-2-56045-2 Ground 712 ft

Water Table 404 ft(1973)
Site Death 44 ft

Source and Description of Waste

Volume unknown-. -Drainage from 216-a pcess condensate sample pit.
Acidic.

Description of Facility

French drain, 2 ft diameter.

Radionuclide Content (calculated from discharge data)

<SO Ci total Beta

Ref. 5.12



CONTAMINATED LIQUID DISPOSAL SITES
RMO-CD-673
I. SE

Name/Type of Facility

French Drain

Past Designation

216-A-16 Dry Well

Number

216-A-16

Location 200 East, within the confines of Seri Ice-a-tes Status
the 241-A Tank Farm

1/56-3/69 Inactive

site Loordinates (Approximate) Reference Drawings Elevations

N-41191, W-474t3 H-2-55943 Ground 686 ft
H-2-56521 Water Table 404 ft(1973)

Site Depth 17 ft

Source and Description of Waste

Volume unknown. Floor drainage and 296-A-11 stack drainage from the
241-A-431 Bldg.
Low-salt, neutral/basic.

Description of Facility
French drain, 4 ft diameter.

Radionuclide Content (calculated from discharge data)

Total Beta: <10 Ci

Ref. 5.13



CONTAMINATED LIQUID DISPOSAL SITES

RHO-CD-673
I. SE

Name/Type of Facility Past Designation Number

French Drain 216-A-17 Dry Well 216-A-17

Location 200 East, within the confines of Service Dates Status
the 241-A Tank Farm.

1/56-3/69 Inactive

Site Coordinates (Approximate) Reference Drawings Elevations

N-41181, W-47453 H-2-55943 Ground 686 ft
H-2-56521 Water Table 404 ft(1973)
H-2-56900 Site Depth 17 ft

Source and Description of Waste

Volume unknown. Floor drainage and 296-A-ll stack drainage from the
241-A-431 Bldg. (overflow).
Low-salt, neutral/basic.

Description of Facility

French drain, 4 ft diameter.

Radionuclide Content (calculated from discharge data)

Total Beta: <1 C1

Ref. 5.14



CONTAMINATED LIQUID DISPOSAL SITES
&

RH0-CD-672
I. SE

Name/Type of Facility

Crib

Past Designation

216-A-21 Crib

Location 200 East, S.E. Quadrant

200 East Area, 600 ft south of
750 ft west of Canton Ave.

202-A Bldg.

Service Dates

10/57-6/65

Status

Inact ive

___I-

51 te Coordinates (Approximate) Reference Drawings Elevations
Ground 771 ft

N-3930, W-8160N-2-57042
N-39300, W-48160 H-2-57032 Water Table 403 ft (1973)

Site Depth 19 ft

Source and Description of Waste

7.78 x 107 itters. From 10/57 to 6/58, received sump waste from 293-A Bldg.
From 12/58 to 6/65, received 293-A sump waste, Purex Laboratory cell drainage
and 291-A-I stack drainage. Typically low-salt, neutral-basic; waste could
have been acidic at times.

Description of Facility

Gravel structure, 60 ft x 16 ft bottom surface area.
Deactivated when the effluent flow rate exceeded the
blanking the effluent line to the crib.

Radionuclide

infiltration capacity, by

Content (calculated from discharge data)

Radionuclide

Pu, g
Beta, Ci

090 r, Clit otRu, Cl
137Cs, Ci60Co, Ci
U, kg

At Time
of Discharge

150
2800

is
200
150

10
195

As of
6/30/78

150.0
225.0

6.80 X 10-3
104.0

1.2T
1.95.0

Ref. 5.15

Number

216-A-21



RHO-CO-673

CONTAMINATED LIQUID DISPOSAL SITES I. SE

Name/Type of Facility Past Designation Number

Crib (French Drain) 216-A-22 French Drain 216-A-22

Service Dates Status
Location 2,D East, S.E. Quadrant

.40 ft North of the Center of the 202-A Bldg. 3/56-12/58 Inactive
Near 216-A-28

Site coordinates (Approximate) Reference Drawings Elevations

N-40352, W-48560 H-2-54812 Ground 708 ft
H-2-54818 Water Table 404 ft

-- Site Death l6 ft

Source and Description of Waste

Volume unknown. Sump waste from the 203-A Bldg. and heating coil condensate
from the P-1 through P-4 UNH tanks. Low-salt, neutral/basic.

Description of Facility

French drain, rock filled, 6-ft. diameter.

Radionuclide Content

Total Beta:

(calculated from discharge data)

<1 Ci

Ref. 5.16



CONTAMINATED LIQUID DISPOSAL SITES

RHO-CO-673

I. SE

Name/Type of Facility

Frencn Drain

Past Designation

Same

Number

216-A-23A

S5ervice Dates Status
Location 200 East, S.E. Quadrant-within the

confines of the 241-A Tank Farm 9/57-3/69 Inactive

- ite Coordinates (Approximate) Reference Drawings Elevations
H-2-55943 Ground 686 ft

N-41171, W-47463 H-2-56521 Water Table 404 ft (1973)
-2-56999, site Depth Not Known

Source and Description of Waste

Volume unknown. Deentrainer tank condensate and back flush from the
241-A-431 Bldg. Low-salt, neutral/basic.

Description of Facility

French drain, 42-in. diameter.

Radionuclide Content (calculated from discharge data)

Total Beta: <50 Ci

Ref. 5.17

a



CONTAMINATED LIQUID DISPOSAL SITES
RHO-CD-673

I. SE

-Name/Type of Facility_

French Drain

Past De

Same

esignation 4umber

216-A-238

Location 200 East, S.E. Quadrant-within the Service Dates Status

confines of the 241-A Tank Fan.
9/57-3/69 Inactive

Site Coordinates (Approximate) Reference Drawings Elevations
N-41171, W-47473 H-2-55943 Ground 686 ft

H-2-56521 Water Table 404 ft (1973)
H-2-9 -9 Site Depth NA

Source and Description of Waste

Volume unknown. Deentrainer tank condensate and the back flush from the
241-A-431 Bldg. (overflow). Low-salt, neutral/basic.

Descriotion of Facility

French drain, 42-in. diamter.

Radionuelide

Total Beta:

Content (calculated from discharge data)

<5 Ci

Ref. 5.18



RHO-CO-673

I. SECONTAMINATED LIQUID DISPOSAL SITES

Name/Tyoe of Facility

French Drain

rast Designation

216-A-25 Crib
216-A-26 French Drain

Location 200 East, 5.E. Quadrant Service Dates Status

%100 ft south of the canter of the 291-A 3/59-7/45_ _ Inactive
Bldg.

site Coordinates (Approximate) Reference Drawings Elevations

N-39550, W-48208 H-2-3325 Ground 708 ft
N-2-55036 Water Table 403 ft

Site Death NA

Source and Description of Waste

Volume unknown. Floor drainage from the 291-A fan house. Low-salt,
neutral/basic.

Description of Facility

French drain, 3-ft. diameter.

Radionuclide Content (calculated from discharye daca)

Total Beta: <1 Ci

History: Removed the 216-A-26A French Drain encasement in July,
Reconnected the effluent pipeline to the new 216-A-26
Drain encasement'.

1965.
French

Ref. 5.19

I-
Number

216-A -26A



CONTAMINATED LIOUID DISPOSAL SITES
RHO-CZD-673
I. SE

Name/Tyoe of Facility

French Drain

rast Designation

216-A-26 French Drain
216-A-26A French Drain

Number

21 6-A-263

Location 200 East, S.E.Quadrant I Service Dates Status

115 ft south of the center of the 202-A Bldg 7/65 to present Inactive

15 ft south of 216-A-26A French Drain.

site Loordinates (Approximate) Reference Orawings Elevations

'4.-39fl. W 462GO H-2-55036 Ground 708 ft

3.-!*. ''t w -"r M/--p..r - Water Table 403 ft
- -" Site Depth Not Known

Source and Description of Waste

Volume unknown. Floor drainage from the 291-A fan house.
Low-salt, neutral/basic.

Description.of Facility

French drain, 4 ft. diameter.

Radionuclide Content

Total Beta:

(calculated from discharge data)

<1 Ci

Ref. 5.20



CONTAMINATED LIQUID DISPOSAL SITES
RHO-CO-673

I. SE

Name/Type of Facility rast Designation Number

Crib -- 216-A-27

Location 200 East, S.E. Quadrant. Service Dates Status

".700 ft. south of 202-A Bldg. 6/65-7/70 Inactive
%400 ft west of Canton Ave.

Site Coordinates (Approximate) Reference Drawings Elevations

N-39100, W-4818 to H-2-57508 Ground 719 ft

N-39100, W-48318 H-2-57509 Water Table 402 ft
Site Dena Not

Source and Descriotion of Waste

2.3 X 107 liters. Sump waste from 293-A Bldg., the laboratory cell drainage
from the 202-A Bldg. and the 291-A-1 stack drainage. Low-salt, neutral/basic.

Description of Facility

Sand filled crib, 200 x 10 ft bottom dimensions.

Radionuclide Content (calculated from discharge data)

Radionuclide

Pu, g
Beta, Ci
9 0Sr, Ci
106Ru, Ci
137Cs, Ci
60Co, Ci
U, kg

At Time
of Discharge

97
2.7 x 103

41
63
53
<2.7
68

Ref. 5.21

As of
6/30/78

96.=
< 159.6

33..
6. X 10-



CONTAMINATED LIQUID DISPOSAL SITES

RHO-CD-673
I. SE

Name/Type of Facility

Crib

rast Designation

216-A-28 French Drain

Number

216-A-28

Location 200 East, S.E. Quadrant Service Dates St

500 ft. North of 202-A, 1250 ft. West of 12/58-11/67 Inactive
Canton Avenue.

Site Coordinates (Approximate) Reference Drawings Elevations

K N-40362, W-48595 H-2-57617 Ground 690 ft

Water Table 405 ft (1967)
Site Death 11 ft"

Source and Descriotion of Waste

3 x 104 liters. Waste from 203-A enclosure sumps and heating coil
from P-1 through P-4 UNH tanks. Low-salt, neutral/basic.

condensate

Descriotion of Facility

One crib, rock structure, 10 ft diameter bottom surface. Deactivation: The
effluent pipeline to the crib was blocked north of the 203-A UNH Tank enclosure
when the effluent flow rate exceeded the infiltration capacity.

Radionuclide Content (calculated from discharge data)

Radionuclide

Pu, 9
Beta, Ci
90Sr, C1
106Ru, Ci
137Cs, Ci
60Co, Ci
U, kg

At Time
of Discharge

None
31

None
None
None
None
632

As of
6/30/78

None
< 3.1.2 x 10-2

,one
None
Yone
'Tone

632.0

Ref. 5.22



CONTAMINATED LIQUID DISPfOSAL SITES
RHO-CO-673
I. SE

Name/Type of Facility rast Designation Number

-Crib. 216-A-32 Crib 216-A-31

Location 200 East, S.E. Quadrant Service Dates Status

. //4- /-r.
%50a ft south of the center of the 202-A Bldt. 7/64-11/66 Inactive

Site Coordinates (Approximate) Reference Drawings Elevations

N-39370, W-48290 H-2-57934 Ground 704 ft
Water Table 404 ft(1973)

Site De th Not known

Source and Description of Waste

1.0 x 104 liters. rc waste from the 202-A 8ldg. Low-salt, neutral/basic.

Description of Facility

Gravel filled crib, 70' ft by 10 ft.
Deactivation: "L" cell nozzles to the 241-A-151 Diversion base which routed
the effluent to the crib have been blanked.

Radionuclide Content (calculated from discharge data)

Radionuclide

Pu, g
Beta, Cl
90 Sr, Ci
106 Ru, Ci
137Cs, Ci
sko, Ci
U, kg

At time
of Discharge

9.0
2.0 x 105

2.0
9.5 x 104

150
0.10

21

Ref. 5.23

As of
6/30/78

9.0
< 24'6.0

1.58
20.5

x 1,-2



CONTAMINATED LIQUID DISPOSAL SITES
RNO-CD-673

I. SE

Name/Type of Facility rast Designation Number

I 216-A-32

Location 200 East, S.E. Quadrant Service Dates Status
200 East Area. Approximately 300 ft. north-
east of 202-A and approximately 700 ft west 1/59- Inactiye
of Canton Avenue.

site Coordinates (Approximate) Reference Drawings Elevations
H-.-55W0 irouno 697 ft

N-40148, W-47811 to M-2-55901
N-40212, W-47782 H-2-56000 Water Table 404 ft(1973)

H-2-57110 Site Deoth /lr ft

Source and Description of Waste

Voluime unknown. East crane maintenance facility floor, sink and shower
drainage from 202-A.

Description of Facility

Crib, gravel-filled, 70 ft x.& ft.

Radionuclide Content (calculated from discharge data)

<1 Ci Beta

Ref. 5.24

Crib



CONTAMINATED LIOUID DISPOSAL SITES

--ime/Type of Facility

French Drain

rast Designation

216-A-33 Dry Well

I-
Number

216-A-33

Location 200 East, S.E. Quadrant Service Dates Status

%300 ft south of 202-A, %1100 ft West of 11/55-7/64 Inactive

Canton Avenue. Near the S.W. corner of
291-A Bldg.

site Coordinates (Approximate) Reference Orawinos Elevations

N-39617, W-48310 H-2-55036 I Ground 716 ft
Water Table 402 ft
Site Deoth Not known

Source and Description of Waste

Volume unknown. Bearing coolant from the 291-A-1 stack electric exhaust
fans.

Description of Facility

French drain, 6-ft diameter.

Radionuclide Content

Total Beta:

(calculated from discharge cata)

<1 Ci

Ref. 5.25

1. SE



RHO-C-l673

CONTAMINATED LIQUID DISPOSAL SITES I. SE

IName/Tyoe of Facility

French Drain

rast Designation

216-A-35 Dry Well

Number

216-A-35

''Service Dates Status
Location 200 East, S.E. Quadrant.

200 East Area, West End of 202-A Bldg. 12/63-1/66 Inative
Near 216--13 .

bite Coordinates (Approximate) Reference Drawings Elevations

N-39800, W-49003 H-2-55076 Ground 708 ft
Water Table 403 ft
Site 0Dth NA

Source and escription-of Waste

Volume unknown. Seal cooling water from the air sampler vacuum pumps in the
202-A Bldg. Low-salt, neutral/basic.

Description of Facility

French drain, 6-ft

Radionuclide Content

Total Beta:

diameter.

(calculated from discharge data)

<1 Ci

Ref. 5.26



RM-CD-673
CONTAMINATED LIQUID- DISPOSAL SITES I. SE

Name/Type of Facility

Crib

r.st Designation

216-A-36 Crib

N6uA3er

21 6-A-36A

Location 200 East, S.E. Quadrant Service Dates Status

750 ft. south of 202-A Bldg. 1150 ft West 9/65-3/66 Inactive
of Canton Ave.

Site Coordinates (Approximate) Reference Drawings Elevations

N-39000, W-48525 to M-2-59805 Ground 710 ft
N-39105, W-48525 H-2-59129 Water Table 403 ft(1973)

Site Deoth 25 ft

Source and Description of Waste

1.07 x 106 liters of amnonia scrubber waste from Purex. Low-salt, neutral/basic

Description of Facility
Gravel structure, 100 ft x 11 ft bottom area. Deactivated because of a large
discharge of fission products. Concrete dam installed between 216-A-36A and
216-A-368. Pipeline to 216-A-36 extended into 216-A-36B.

Radionuclide Content (calculated from discharge data)

Radionuclide

Pu, g
Beta, Ci
v0Sr, Ci
106Ru, Ci
137Cs, Ci
60Co, Ci
U, kg

At Time
of Discharge

80
.5 x
.8 x

10 5
103
103
103

1
I

3 x
1.5 x

10
145

Ref. 5.27

As of
6/30/78

SC.:
< 5280.:

4120.:
C.:

5.

~ ~ '



CONTAMINATED LIQUI OISPOSAL SITES
RMO-CC-473
I. SE

INameType of Facility

Crib

rist Designation

216-A-36 Crib

Number

216-A

U

-.36B

Location 200 East, S.E. Quadrant I Service Dates Status

%-1200 ft south of the 202-A Bldg. 3/66-1972 Inactive

Site Coordinates (Approximate) Reference Drawings Elevations

N-38500, W-48S25 to H-2-59129 Ground 719 ft

N-39000, W-48525 H-2-59805 Water Table 403 ft
Site Depth NA

Source and Description of Waste

9.4 x 107 liters. Ammonia scrubber waste from the 202-A Bldg. Low-salt,
neutral/basic.

Description of Facility

Gravel-filled crib, 500 ft x 11 ft. bottom dimensions. (See 216A-36A)

Radionuclide Content (calculated from discharge data)

Radionuclide

Pu, gBeta, C'

20Sr, Ci
1 06Ru, Ci
13 7Cs, Ci
60Co, Ci
238U, kg233u, g

At Time
of ischaroe

<180
4.8 x 104
550

6.5 x 103
c560
<51
120

Ref. 5.28

AS of
6/30/78

17-.
< aoc.:

X

2;..



CONTAMINATED LIQUID DISPOSAL SITES

RHO-CD-673
I. SE

Name/Type of Facility rast Designation Number

Crib 216-A-38 216-A-38

Location 200 East, S.E. Quadrant Service Oates Status

%600 ft Southwest of 202-A Bldg., %500 ft Never used Inactive
north of 1st St.

site coordinates (Approximate) Reference Drawings Elevations
N-38971, W-49352 to H-2-62875 Ground
N-39471, W-49352 Water Table

Site Deoth

Source and Descriotion of Waste

Never used.

escription of Facility

Crushed stone-filled, 520 ft x 15 ft bottom dimensions.

Never used.

Radionuclide Content (calculated from discharge data)

Ref. 5.29



CONTAMINATED LIQUID DISPOSAL SITES

RHO-CDO-473

I. SE

Name/Tyce of Facility

Crib

rast Designation

216-A-40 Crib

I7
Number

216-A -39

Location 200 East, S.E. Quadrant IService Dates Status

Directly north of 241-AX Tank Farn along 6/66 Inactive
Canton Ave.

site Coordinates (Approximate) Reference Orawings Elevations

N-41860, W-47489 to Ground 675 ft
N-41860, W-47399 H-2-33295 Water Table 404 ftN-4193a, W-47489 o Situ Depth
N4-41 930, W-47399 __________________________

Source and Descriotion of Waste

20 liters. Floor drainage from the 241-AX-SO1-8 Bldg. Low-salt, neutral/basic.

Description of Facility

Crib and two trenches filled with gravel and backfilled.
dimensions.

Radionuclide Content (calculated from discharge da:)

90 ft x 2 ft bottom

Radionuclide

Beta- Ci
L37Cs, Ci

At Time
of Discharge

50
25

As of
6/30/78

36.4
19.0

This_ site is the result of an unplanned radioactive materials release origin..
ating in the 241-AX-801-8 Building.

(See Attachment)

Ref. 5.30

History:



216-A-39 continued

History:

A Process operator, Maintenance instrument man, and a Radiation Monitor
were changing out a valve on the 103AX tank recirculator line when highly
radioactive waste liquid pressureized in the line and flowed out onto the
floor of the instrument building. Dose rates from the spill were greater
than 5 R/hr at a distanca of 10 feet from the spill.

A trench approximately 3 feet deep was dug from the door of the 801 Building
to the brow of the north hill, then over the hill to the flat ground below
where it was extended eastward approximately 90 feet. A hole was cut through
the back side of the 801 building and a fire hose was inserted to wash the
contamination into the trench. The first trench was covered with soil and a
second trench, paralleling the first, was dug to receive a second washing.
This trench was also covered. Dose rate residue radiation remains in the
floor of the building and in the 2 trenches of 216-A-39.

Ref. 5.31



RHO-CD-673

CONTAMINATED LIQUID DISPOSAL SITES I. SE

Name/Type of Facility Past Designation Number

Trench 216-A-39 Ditch 216-A-40
216-A-40 Ditch

Location 200 East, S.E. Quadrant Service Dates Status

%500 ft West of 241-AX Tank Farm, 500 ft 1/68-present Inactive
South of 7th Ave.

Site Coordinates (Approximare) Reference Drawings Elevations

N-41519, W-97909 to - Ground 683 ft

N-4119, W-48404 ~H-2-63084 Water Table 404 ft
Site Depth Not known

Source and Description of Waste

9.5 x 105 liters. Diverted cooling water and steam condensate from the 244AR
Vault. This is a rubber bag type diverter trench for the recovery of radio-
active cooling water.that might become contaminated from equipment failures.

Description of Facility

Open trench, 400

Radionuclide Content

ft x 20 f ot. m di-char -a-

(calculated from discharge data)

Unknown.

Ref. 5.32



CONTAMINATED LIOUID DISPOSAL SITES

RH0-CO-673

I. SE

Name/Type of Facility rast Designation Number

Crib -- 216-A-41

Location 200 East, S.E. Quadrant Service Dates Status

Approximately 600 ft west of 241-AX Tank 1/68- 1974 Out of service
Farm and approximately 600 ft south of 7th
Avenue.

Site Coordinates (Approximate) Reference Crawings Elevations

N-41420, W-48082 H-2-61975 Ground 683 ft

"Mca"994- Water Table 405 ft(1973)
Site Depth 6 ft

Source and Description of Waste

Volume unknown. 296-A-13 Stack Drainage. Potentially slightly acidic.

Description of Facility

Crib, gravel-filled, 10 ft x 10 ft bottom surface.

Radionuclide Content (calculated from discharge data)

<Ci Beta

History

The stack drainage piping from the 296-A-13 stack to the 216-A-41 Crib was
removed in 1974. The stack drainage was then rerouted to the 9Semnm seal
pot system of the 244AR Building. , .

.. : /"~ .

Ref. 5.33



CONTAMNrATEA UT :::3a'SAL SITES
RH0-CD-673

I. SE

Name/Type of Facility s-. Designation Number

Crib 2'ii.-C Crib 216-C-1

Location 200 East, S.E. Quadrant Service Dates Status
i / --

250 ft South of 2704-C Bldg. Inactive
450 ft South of 7th Street -/5-

(within the Hot Semiworks c ex.)

Site Coordinates (Approximate) iRefe-:ce rawings Elevations
H-2-437 Ground 689 ft

N-42069, W-50235 H-2-523 Water Table 405 ft (1973)

Site Deoth 13 ft

Source and Description of Waste

2.34 x 107 liters. High-salt wasti cola -un waste and process condensate
from 201-C (semi-works). High-sa: neutr-- i/basic.

Description of Facility

On* crib, 23 ft x d ft bottom surla:a, cOnC-ete structure.

Radionuclide Content (calculated fror aiscrA-ge data)

Radionuclide

Pu, g
Beta, Ci
90sr, Ci
0Ru, Ci

137Cs, Ci
60Co, Ci
U, kg

A: 71me
of -ischarge

a
I.' x 104

-0
Z0.10
c0.10
'0

Ref. 5.34



The 218-C-1. C-3, C-4, and C-5 Crib complex along the south. fence line
of the "Hot Semiworks", 200 East Area, was decontaminated, and the ground
surface stabilized against wind erosion and plant root invasion.

The work--done was as follows:

o Bladed off four inches of the ground surface and deposited
spoil in the cavity above 216-C-1 Crib.

o Covered the ground with a four-inch sand pad.

o Applied ureabor herbicide at the rate of 500 lbs./acre.

o Installed 10 mil plastic sheeting over entire surface.
NOTE: The plastic sheet was doubled over the area around
the Tank #71 riser.

o Inttalled 12-inch pad of sand over the plastic.

o The surface stabilized with four inches of pit run gravel.

Ref. 5.35



CONTAMINATED LIQUTD DISPOSAL SITES
RHO-CO-673
I. SE

I Name/Type of Facility-

Dry well .

Iast Designation
291-C Dry Well
216-C-2 fr'y Well

Location- 200 East, S.E. Quadrant Service Dates Status

Approx. 100 ft southeast of the 291-C Stack. 1/53- Active
(within the Hot Semi-works complex)

Site Coordinates Reference Drawings Elevations

N-42300, W-50000 H-2-4033 Ground 681 ft
H-2-32523 Water Table 402 ft(1973)

Site Depth 40 ft

Source and Description of Waste

Volume unknown. 291-C stack drainage and the seal water drainage from the
stack ventilation filters. Low-salt, neutral/basic.

Description of Facility

Reverse well, 12-in. diameter.

Radionuclide Content (calculated from discharge data)

<1 Ci Beta

Ref. 5.36

Number

I 216-C-2



COINTAMINATED LIQUID DISPOSAL SITES

Name/Type of Facility

Crib

Iast Designation

201-C Leaching Pit

Number

216-C-3

Location 200 East. S.E. Quadrant Service Dates Status

400 ft south of 7th Street, 375 ft S.S.E. f 1/53-3/54 Inactive
of 2704-C Bldg. (within the Hot semi-works
complex).

Site Coordinates (Approximate) Reference Drawings Elevations

N-42055, W-50390 H-2-4034 Ground 689 ft
H-2-32523 Water Table 405 ft (1973)

Site Death -10 ft

Source and Description of Waste

5 x 10' liters. Acid waste from 201-C, 215-C, 271-C.

Descriotion of Facility
One crib, gravel pit structure,
Deactivation: Pipeline blanked
retention capacity.

50 ft x 10 ft bottom surface.
when the crib reached its specific

Radionuclide Content (calculated from discharge data)

Radionuclide

Pu, g
Beta, Ci
IaSr, Ci
106Ru, Ci
137Cs, Ci
SaCo, C1
U kg
230, g

At Time
of Discharge

I
200

20
10
<0.10
<0.10
45

none

Ref. 5.37
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The 213-C-1. C-3, C-4, and C-5 Crib cumplex along the south fence line
of the "Hot Seraiworks", 2CC East Area, was decontaminated, and tft ground
surface stabiliz2d against wind erosion and plant root invasion.

The work done .;as as follows:

o Bladed off four inches of the ground surface and deposited
spoil in the cavity above 216-C-1 Crib.

o Covered the ground with a four-inch sand pad.

a Applied ureabor herbicide at the rate of 500 lbs./acre.

o Imtalled 10 mil plastic sheeting over entire surface.
NOTE: The plastic sheet was doubled over the area around
The-Tank #71 riser.

o !nstallad 12-inch pad of sand over the plastic.

o Th rurface stabilized ,it. four inches of oit run gravel.

Ref. 5.38



RHO-CO-673

CONTAMINATED LIQUID DISPOSAL SITES I. SE

_____ 7
Name/Type of Facility

Crib

Location 200 East, S. E. Quadrant Se

37 ft south of 7th Street, 375 ft S.E. of
2704 Bldg. (within the Hot Semiworks Complexj.

?ast Designation I Number

216-C-4

I-
rvice Dates

7/55-5/65

Status

Inactive

Site Coordinates (Approximate) Reference Drawings Elevations

H-2-4010 Ground 689 ft
-42060, W-50430 H-2-4425 Water Table 405 ft(1973)

H-2-32523 Site Deoth 16 ft

Source and Oescriotion o Waste

1.7 x 105 liters. Contaminated ora waste from 276-C. Low-salt,
neutral basic.

Description of Facility

One crib, 20 ft x 10
eactivation: Piping
specific retention ca

Radionuclide Content

R

P
S

I

ft bottom surface, gravel structure.
to the crib in 276-C was valved out when the

pacity was reached.

calculated from discharge data)

adionuclide

u, g
eta, Ci
0 Sr, C1
06Ru, Ci
37Cs, Cf
OCo, Ci

U kg
213U, g

At Time
of Discharge

1
120
28
15
<0.10
<0.10
3.4
none

Ref. 5.39



The 218-C-1, C-3, C-4. and C-5 Crib complex along the south fence line
of the "Hot Semiworks", 200 East Area, was decontaminated, ani te ground
surface stabilized against wind erosion and plant root invasion.

The work done was as follows:

o Sladed off four inches of the ground surface and deposited
spoil in the cavity above 216-C-1 Crib.

o Covered the ground with a four-inch sand pad.

o Applied ureabor herbicide at the rate of 500 lbs./acre.

o installed 10 mil plastic sheeting over entire surface.
NOTE: The plastic sheet was doubled over the area around
the Tank 471 riser.

o Installed 12-inch pad of sand over the plastic.

o The surface stabilized with Fo'zr inches of pit run 4ravel.

Ref. 5.40



RHO-CD-673
CONTAMINATED LIQUTO DISPOSAL SITES I. SE

Name/Type of Facility jast Designation Number

Crib 216-C-5 216-C-S

Location 200 East, S.E. Quadrant Service Dates Status

450 ft south of 7th Street, 375 ft S.S.W. of 3/55-6/55 Inactive
the 2704-C Bldg. (within the Hot Semiworks

complex).

Site Coordinates (Approximate) IReference Drawings I Elevations

H-2-4010 IGround 6d9 ft4A2030, W-50360 H-2-4425 Water Table 405 ft(1973)
1.-2-32523 Site Depth 16 ft

Source and Description of Waste

3.79 x 10' liters. High-salt, cold run waste from 201-C (semi-works).

Description of Facility
One crib, ground structure, 10 ft x 10 ft bottom surface. Deactivation:
to crib--vtlved-out--when- th--specif ic retention capacity was reached.

Piping

Radionuclide Content (calculated from discharge data)

Radionuclide

Pu, g
Beta, Ci
90 Sr, Ci
106Ru, Ci
137Cs, Ci
*0Co, Ci
U, kg

At Time
of Discharge

1
94
10
5

<0.10
<0.10
54

Ref. 5.41



The 218-C-1, C-3, C-4, and C-5 Crib complex alona the south fence line
of the "Hot Semiworks", ZOO East Area, was decontaninated, and the ground
surface stabilizei acainst wind erosion and plant root invasion.

The work done was as !ollows:

o Bladed off four inches of the ground surface and deposited
spoil in the cavity above 216-C-1 Crib.

o Covered the ground with a four-inch sand oad.

o Applied ureabor herbicide at the rate of 500 lbs./acre.

o Installed 10 mil plastic sheeting over entire surface.
NOTE: The plastic sheet was doubled over the area around
the Tank 471 riser.

o Installed 12-inch pad of sand over the plastic.

o The surface stabilized with four inches of pit run cravel.

Ref. 5.42



CONTAMINATED LIQUTO DISPOSAL SITES
RHO -C-673
I. SE

_____ - I-
Name/Type of Facility

Crib

?ast Designation

241 -CX Crib

Number

216-C-6

Location 200 East, S.E. Quadrant of Service Dates Status

40 ft south of 7th Street, 325 ft south of t 9/55-9/64 Inactive
091-C Stack (within the Hot Semiworks Complex).

Site Coordinates (Approximate) Reference Drawings Elevations
Ground 689 ft

N-42015, W-50066 H-2-4425 Water Table 405 ft(1973)
H-2-35523 Site Death 15 ft

Source and Description of Waste

5.3 x 105 liters. Process condensate from 201-C; 241-CX vault floor drainage.
Acidic.

Description of Facility

One crib, gravel structure, 20 ft x 20 ft bottom surface.

Radionuclide Content (calculated from discharge data)

Radionuclide

Pu, g
Beta, Ci
9 0Sr, Ci
106Ru, Ci
137Cs, Ci
"OCO, Ci
U, kg

At Time
of Discharge

<0.10
2 x 103
65
25
<0.10
<0.10
<0.05

Ref. 5.43



RH0-CD-673

INDEX - VOLUME 1 200 EAST AREA

Northwest Quadrant

216-8-12 Crib

216-8-35 Trench

216-8-36 Trench

216-8-37 Trench

216-8-38 Trench

216-8-39 Trench

216-8-40 Trench
216-8-41 Trench
216-8-42 Trench
216-8-43 Crib
216-8-44 Crib
216-8-45 Crib
216-8-46 Crib
216-8147 Crib
216-8-48 Crib
216-8-49 Crib
216-8-50 Crib
216-8-55 Crib
216-8-57 Crib
216-8-60 Crib
216-8-61 Crib
216-8-62 Crib

(covered)

(covered)

(covered)

(covered)

(covered)

(covered)

(covered)

(covered)

I NW

I. NW

I NW
. NW

I. NW
I. NW

I. NW
I. NW

I. NW

I. NW

I. NW

I. NW

I. NW

I NW

I. NW

I. NW

I. NW
I. NW

I. NW

I. NW

I. NW

I. NW

218-E-2 Burial Ground
218-E-2A Burial Ground
218-E-4 Burial Ground
218-E-5 Burial Ground
218-E-IA Burial Ground
218-E-9 Storage Site
218-E-10 Burial Ground
UN-216-E-2 Unplanned Release
UN-216-E-6 Unplanned Release
UN-216-E-8 Unplanned Release
UN-216-E-13 Unplanned Release

Ref. 5.44
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RHO-C0-673

I. awCOjiTAMINATiD LIOUID DISPOSAL SITES

of Facility
- in

ast Designation

216-ER-1,2,and 3
216-ER Crib

Cribs

Number

216-8-12

Location 20 East, N.W. Quadrant Service Dates Status

1000 ft Northwest Of 221-8 5 Ueactivated
iaaart Nrt~sst f ~11/67-11/73

Site Coordinates (Approximate) Reference Drawings Elevations
H-2-43027 Ground 697 ft

14-42972, W-55000 to H-2-43029 Water Table 404 ft(1973)
N-43133, W-66000 H-2-43039

H-2-43046 SK-2-1967 Site Death 30 ft

Source and Descriotion of Waste - . .

5.2 x 108 liters. Process condensate from Evaporators in 221-.U and 224-U Bldgs.
1l/*2 to lZ/67. Conistruction waste, 5/67 to 11/67. 221-8 Process condesate,
11/67 to 11/73, (neutralized with limestone). Low-salt, neutral/basic.

Description of Facility

Wooden structure. Bottom surface area 160' ft x 50 ft. Three cribs 16 ft square
in gravel bed. Crib collapsed (see RL Occurrence Report 73-a2). Following
discovery of crib collapse, imediate action was taken to deactivate crib and
backfill area to grade.

Radionuclide Content (calculated from discharge data)

Radionuclide

PU, g
Beta, Ci
"0Sr, Ci
106Ru, Ci
137Cs, Ci
Saco, Ci
U, kg

At Time
of Discharge

370
1.1 x 104
<150
310

1.2 x 103
<1.7

2.1 x 104
/

(See next page)

Ref. 5.45
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RHO-CO-673
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... a.. 34524 34525 43029 FCM's subnitted to revise drawines. .. ca

= OEACTIVATION woRX
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A cap was cemented on fiberglass
fill line and a concrete plug was
poured around the line end.
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'" REMARKS

Ground Water Sample for April 1974
. Total Beta 270 pica curios/liter

Total StrontIum 4.24 pIca curies/litar
Cesium 30a30 pica curias/liter
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RH0-C-673
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Atiando Richfield Hanford Company

RHO-CD-673

Oat*: January 22, 1974

To: A. J. Low

From: R. E. Preston J o.

Subject: 216-8-12 CRIB DEACTIVATION AND TRANSFER OF
RESPONSIBILITY

References: 1. Atomic Energy Commission Manual - RL
Appendix 0510-1, July 13, 1967, "Radio-
active Waste Disposal Guides - Part 1,"
"Ground Disposal - Terminating Sites"

2. HWS-1000, "Hanford Architectural and Civil
Standards," AC-3-20 (June 20, 1960),'
AC-5-2 (October 19, 1959), and AC-5-40
(August 25, 1960)

3. ARH-220 (unclassified), September 15, 1969,
"Radiation Protection Standards and
Controls Standard I," Personnel Protection
Operation

4. Atlantic Richfield Hanford Company Opera-Ing
Instruction 1.6.5.2, "Outdoor Radiation Zones"

The pertinent AEC Manual Chapters, Atlantic Richfield
Hanford Company OPG's and Radiation Protection Standards
have been reviewed on the layaway of retired radioactive
disposal sites. In this letter the steps are shown for
the layaway of B-12 crib, the list should be used for an
order of performance schedule. Step 2 is the only excep-
tion, it must be performed before Step 4, but may be
completed before Step 1.

1. The risers (vent and gauge wells) should be cut off
below the surface and the risers welded shut or
flanges welded on and blanks bolted in place. This
work can be perrormed as soon as the liquid level as
measured In the gauge well is at or below the 25-foot
level as experienced in operation.

The test wells (3) are to be left as at present.

Ref. 5.53



Adantic Richfield Hanford Compnny) ~RHO-CDl-673

A. J. Low
Page 2
January 22, 1974

The location of these risers and wells is shown on
H-2-43029. The gauge well and vent risers are the
outside risers in groups of three on each of the
three crib sections. The test wells are the center
riser in each group.

2. The inlet line has already been blanked off. This
was done on November 21, 1973. An FCN has been
prepared to show this on drawings H-2-34524 and
H-2-34525.

The line to 9-12 crib should be cut and the line
capped with a plastic cap cemented on the pipe and
concrete poured around the end of the pipe. This
may be done as soon as material is available.

3. The ground stabilization program should probably be
put off until April or May to allow for further
settling to avoid repetition of the ground stabili-
zation effort.

The ground stabilization effort should cover an area
60 feet wide, centered on the line running through
the test wells. The area should extend 30 feet beyond
the outer test wells. This area will be 60 feet
wide and 181 feet long, or 10,860 square feet.

The area should be leveled and smoothed, all vegeta-
tion renoved and any sharp itens removed. Two to
three inches of sand should be spread over the area.
After this,10 mil plastic sheet should be laid out
and weighted down with soil. A solid soil sterilant
such as boric acid-type like Ureabor should be
sprinkled evenly on top of the plastic. Ureabor can
be ordered through Farmer's Exchange in Kennewick.
They do not carr- it in stock. The area over the
plastic should be covered with 18 inches of sand
free from any large rocks. Once the sand is laid
and leveled, the area should be covered with two-
inch minus gravel to a depth of four to six inches.

4. When the soil stabilization is complete, the crib should
be marked off with six. monuments built according to
Hanford Standard AC-5-40. The monuments should be
placed at coordinates: N42964XW55030, N42964XW54970,
N43056XW54970, N4305XW55030, 443144XW55030, and
N43144XW54970.

Ref. 5.54



Auantic Rictfield Hanford Company

RM3-CD-673

A. J. Low
Page 3
January 22, 1974

The brass medallions for these posts can be obtained
through the Peterson Pattern Works.

Once the posts are in place, Harold Maxfield will
stamp the required numbers on the posts.

S. At this time, a radiation survey should be made of
the area. The survey information should be recorded
on 80-6700-091.1 (7-71).

6. The normal radiation chain fence with radiation signs
on posts should be repaired to good condition if it
has been damaged during any of the above work.

7. The informtion required on 80-6700-091.1 (7-71),
"Outdoor Radiation Zone Deactivation and Transfer
of Responsibility," should be filled out and routed
to mailing list on form.

8. At this time, Technical Services will accept custodian-
ship of the crib.

REP:bl

cc: JO Anderson
RB Bixier
OG-Harlow
GL Hanson
AJ Low
LM Knights
RP Knight
JH Mathis
WO Schildknecht
A Smith
RM Smithers
Fife

Ref. 5.55



CONTAMINATED LIQUTO DISPOSAL SITES
RHO-CO-673

I. WW

Name/Type of Facility stesnation Number
_4-d- _ rave

Trench (covered) 216-BX-1 Trench 216-8-35
216-8-35 Trench

Location 200 East, N. W. Quadrant Service Dates Status

250 ft west of 241-8X Tank Farm, 2550 ft no 2/54-3/54 Inactive
of B-Plant

Site Coordinates Reference Drawings Elevations
Ground 740 ft

N-45273, W-53850 to H-2-2431 Water Table 404 ft (1973)
A-45273, W-54102 SK-2-2408 Site Depth 10 ft

Source and Descriotion of Waste

1.06 x 106 liters. First cycle supernatant waste from 221-a. High-salt,
neutral/basic.

Description of Facility
Trench, 252 ft x 10 ft bottom surface. Deactivation:
removed trench backfilled.

Radionuclide Content

Radionuclide

Pu, g
Beta, Ci
10sr, Ci
106Ru, Ci
137Cs, Cl
60Co, Ci
U, kg

Overground pipeline

(calculated from discharge data)

At Time
of Discharge

1.2
1800
240
230
430

0.030
17

As of
6/30/78

1.2
<T32.0
130.0

. .!,a x 1c
246.0

1.2T x .0-2
L6.7

Potential Hazards

Radioactive weed growth;
Burrowing animals

Ref. 5.56



RHO-CD-67Z

CONTAMINATED LIQUTO DISPOSAL SITES I. NW

Name/Type of Facility 'ast Designation I Number
241-SX-2 Grave

Trench (covered) 216-SX-2 Trench 216-8-36
216-8-36 Trench

Location 200 East, N. W. Quadrant Service Dates Status

250 ft-west of 241-aX Tank Farm, 2750 ft north 3/54-4/54 Inactive
of B-Plant

Site Coordinates Reference Drawings Elevations
Ground 740 ft

N-45323, W-53850 to H-2-2431 Water Table 404 ft(1973)
N-45323, W-64102 SK-2-2408 - Site Death 10 ft

Source and Descriotion of Waste

1.94 x 106 liters. First cycle supernatant waste fran 221-8. High-salt,
neutral/basic.

Description of Facility

Trench, 25"-t x 10 ft bottom surface. Deactivation: Overground
removed trench backfilled.

pipeline

Radionuclide Content (calculated from discharge data)

Radionuclide

Pu, g
Beta, Ci
9 0Sr, Ci
106Ru, Ci
137Cs, Ci
60Co, Ci
U, kg

At Time
of Discharge

0.80
3500
490
470
770
0.070
16

As of
6/30/78

0.30
<1390.0

269.0
".5xi-S

2.96
'6."

X -C-3

Potential Hazards

Radioactive weed growth;
Burrowing animals

Ref. 5.57



CONTAmINATED LIQUTD DISPOSAL SITES
RHO-CO-673
I. NW

Name/Type of Facility Oast Designation Number
241-8X-3 Grave

Trench (covered) 216-8X-3 Trench 216-8-37
216-8-37 Trench

Location 200 East, N. W. Quadrant Service Dates Status

250 ft west of 241-8X Tank Farm, 50 ft north 8/54-8/54 Inactive
of 8-Plant

Site Coordinates Reference Drawings Elevations
Ground 663 ft

N-45473, W-53850 to H-2-2431 Water Table 404 ft(1973)
N-45413, W-54102 SK-2-2408 Site Depth 10 ft

Source and Description of Waste

4.32 x 106 liters. First cycle.bZtj s waste from the waste evaporator
in 242-8. High-salt, neutral/basic.

Description of Facility

Trench, 252 ft x 10 ft bottom surface. Deactivation: Overground pipeline
removed trench bakfIlled.

Radionuclide Content (calculated from discharge data)

Radionuclide

Pu, g
Beta, Ci
9 0Sr, Ci
106Ru, Ci
137Cs, Ci
60Co, Ci
U, kg

At Time
of Discharge

2.0
7000
16
So
3100

1.0
3.6

As of
6/30/78

2.0
<3440.0

8.87
3.23 x

Z780.0
4.22 x1
3.63

Potential Hazards

Radioactive weed growth;
Burrowing animals

Ref. 5.58



RHO-CD-o73

CONTAMINATED LIQUT? DISPOSAL SITES I. NW

Name/Type of Facility "ast Designation Number
241-8X-4 Grave

Trench (covered) 216-8X-4 Trench 216-8-38
216-8-38 Trench

Location 200 East, N. W. Quadrant Service Oates Status

250 ft west of 241-8X Tank Farm, 2950 ft nortJ 7/54-8/54 Inactive
of B-Plant

Site Coordinates Reference Drawings Elevations
Ground 660 ft

N-45503, W-53850 to H-2-2431 Water Table 404 ft(1973)
N-45503, W-54102 SK-2-2408 Site Depth 10 ft

Source and Description of Waste

1.43 x 10 liters. First cycle supernatant waste from 221-8. High-salt,
neutral/basic.

Description of Facility

Trench, 252
removed and

ft x 10 ft bottom surface.
trench backfilled.

Deactivation: Overground pipeline

Radionuclide Content (calculated from discharge data)

Radionuclide

Pu, g
Beta, Ci
90Sr, Ci
106Ru, Ci137Cs, Ci
GOCo, Ci
U, kg

At Time
of Discharge

1.2
5800
1900
560
510
<0.06
42

As of
6/30/78

1.20
<2610.0

1030.0
3.62 x -,o-

292.0
< 2.53 x -0'3

4t.4

Potential Hazards

Radioactive weed growth;
Burrowing animals

Ref. 5.59



CONTAMINATED LIQUTO DISPOSAL SITES
. R)IO-CO-673

I. NW

Name/Type of Facility Oast Designation I Number
241-8X-5 Grave

Trench (covered) 216-8X-5 Trench 216-8-39
216-8-39 Trench

Location 200 East, N. W. Quadrant Service Dates S ta tus

250 ft west of 241-X Tank Farm,ZO50; ft north 12/53-11/54 Inactive
of B-Plant. East of 218-E-10 Indust. Burial

Grounds.

Site Coordinates Reference Drawings Elevations
Ground 650 ft

N-45593, W-53850 to H-2-2431 Water Table 404 ft(1973)
N-4*693, W-54102 SX-2-2408 Site Depth 10 ft

Source and Description of Waste

1.47 x 106 liters. First cycle supernatant waste from 221-8. High-salt,
neutral/basic.

Description of Facility

Trench, 252
removed and

ft x 10 ft bottom surface. Deactivation: Overground pipeline
trench backfilled.

Radionuclide Content (calculated from discharge data)

Radionuclide

Pu, g
Beta, Ci
90Sr, Ci
1 SRu, Ci
137Cs, Ci
60O, Ci
U, kg

At Time
of Discharge

1.5
1100

23
65

450
<0.010
5.8

As of
6/30/78

1.51

12.5
2.69 x 10-s

255.0
C3.92:2c:

Potential Hazards

Radioactive weed growth;
Burrowing animals

Ref. 5.60



RHO-CO-673

CONTAMINATED LIQUTO DISPOSAL SITES I. NW

Name/Tyce of Facility cast Designation Number
241-8X-6 Grave

Trench (covered) 216-8X-6 Trench 216-8-40
216-8-40 Trench

Location 200 East, N. w. Quadrant Service ates Status

250 ft west of 241-8Y Tank Farm, 3150 ft nort4 4/54-7/54 Inactive
of B-Plant. East of 218-E-10 Indust. Burial

Grounds]

Site Coordinates !Reference Orawings Elevations
Ground 650 ft

N-45683, W-538S0 to H-2-2431 Water Table 404 ft(1973)
N4S681,_W-5402 SK-2-2408 Site Deoth 10 ft

Source and Description of Waste

1.64 x 106 liters. First cycle supernatant waste from 221-8. High-salt,
neutral/basic.

Description of Facility.

Trench, 252
removed and

ft x 10 ft bottcm surface. Deactivation:
trench backfilled.

Overground pipeline

Radionuclide Content (calculated from discharge data)

Radionuci1de

Pu, g
Beta, Ci
9 0Sr, Ci
06Ru, Ci

13 7Cs, C1
60Co, Ci
U, kg

At Time
of ischarge

1.0
1800
280
240
350
<0.020
35

Potential Hazards

Radioactive weed growth;
Burrowing animals

Ref. 5.61

As of
6130/7'

.0
<TO0.0
155.0

1.58
203.0

< 3.45
35.0

x 10-

x



RHO-CO-673

CONTA14INATED LIQUTO DLSPOSAL SITES I. NW

Name/Type of Facility "ast Designation Iumber
Grave

Trench (covered) 216-8X-7 Trench 216-8-41
216.8_47 Trench

Location 200 East, N. W. Quadrant service Dates Status

250 ft west of 241-8Y Tank Fan, 3250 ft no 11/54-11/54 Inactive
of B-Plant. Eas t of
218-8-10 Industril Burial Grounds

Site Coordinates Reference Drawings Elevations
Ground 650 ft

N-45573, W-53850 to H-2-2431 Water Table 404 ft(1973)
N-45573, W-54102 SK-2-2408 Site Dept' 10 ft

Source and Description of Waste

1.44 x 106 liters. First cycle supernatant waste from 221-8. High-salt,
neutral/basic.

Descriotion of Facility
Trench, 252
removed and

ft x 10 ft bottom surface. Deactivation:
trench backfilled.

Overground pipeline

Radionuclide Content (calculated from discharge data)

Radionu'clide

Pu, g
Beta, Ci
90Sr, Ci
106Ru, Ci137Cs, Ci
'0Co, Ci
U, kg

At Time
of Discharoce

0.30
2100
47

130
890
<0.010

7.5

Potential Hazards

Radioactive weed growth;
Burrowing animals

Ref. 5.62

As of
6/30/78

0.30
<1-040.-0

ai.08 .- 1

7.5

x

x



CONTAmINATED LIQUTO OISPOSAL SITES

p --I

[ Name/Type of Facility

Trench (covered)

Past gesignation

241-BX-8 Grave
216-3x-Z Trench

Numb er

r 6--ka

Location 200 East. N.W. Quadrant Service Dates Status

T50 ft vest of 241-3X Tank Farm, 2650 ft 5
north of B-Plant, East of 218-Z-10 Indus-
trial Burial Grounds.

Site Coordinates Reference Orawincs Elevations
Ground 6T ft

N-A52T3, W-54152 E-2-2431 Water Table 404 rt(3)
f-452T3, W-54404 SE-2-2408 Site Denth 10 ft

Source and Description of Waste

1.50 x 106 liters. Scavenged waste from uraaiun recover; (TBP solvent
exrractioa) process in 221-U. igh-salt, aeutrAl/basic.

Description of Facility

Trench, 252 ft x 10 ft bottom surface. Deactivation: Overground pipeina
remved and trench backfilled.

Radionuclide Content (calculated from discharge data)

Radionuclide

Pu, g
Beta, Ci
905.", Ci

13Cs, ci
6 0 Cn, Ci
U, kg

At :ime
of Discharge

10
5800
1100
1500

96
10
6Ea

As of
6/30/78

70.0
<1360.0

625.0
1.93 x :z

56.5
0.482

6ac.o

Po:ertiC KaHards

Radioactive weed gre-vh;
3irrou.ing animala

Ref. 5.63

I. NW



CONTAMINATED LIQUTD DISPOSAL SITES
OMO-CO-673
I. NW

Name/Type of Facility 9ast Designation Number

Crib 216-8Y-1 Cavern 216-8-43
216-8Y-1 Crib

Location 200 East, N. W. Quadrant Service Dates Status

200 ft north of 241-87 Tank Farm, 450 ft south 11/54-11/54 Inactive

of 12th St.

Site Coordinates(Approximate) Reference Drawings Elevations
GrounG 623 ft

N-46332, W-53355 H-2-2603 Water Table 406 ft(1973)
H-2-2605 Site Depth 14 ft

Source and Description of Waste

2.1 x 106 liters. Scavenged waste from uranium recovery (TBP solvent
extraction) process in 221-U. High-salt, neutral/basic.

Description of Facility
Crib, 30 ft x 30 ft bottom dimensions, concrete slab roof.
Deactivation: Pipeline to the crib was blanked when the crib reached its
specific retention capacity.

Radionuclide Content (calculated from discharge data)

Radionuclide

Pu, g
Beta, Ci
90Sr, C1
106Ru, Ci
137Cs, Ci
60co, Ci
U, kg

At Time
of Discharce

0.5
3500
1400

50
300

1.0
14

As of
6/30/78

0.50
<1.880.0

776.0
3.23 z l0-s

IT3.0
4.22 z Lo-.

13.6

Site.Characterization Status

The 216-8-43 Crib is the first in a series of seven cribs north of the 241-3Y -2ank
Fann that received U-Plant high-salt, scavenged waste. These cribs were in seruice
from December 1954 to December 1955 and received a total of 3.4 x 107 liters of
waste containing 4.1 x 105 gross beta curies. -

Ref. 5.64



RHO-CO-673

216-8-43 continued

Site Char. Status

Four wells-were-4ri-led- in the-vicinity of the BY cribs in 1966 to determine
the distribution of radionuclides below these cribs. Well E33-ZA drilled at
the edge of the 216-8-45 Crib showed the highest 137Cs and 905r concentrations.
Cesium-137 was first detected at 17 ft (approximate crib bottom) at a concentra-
tion of 18.4 uCi/g. The 137Cs concentration increases to a maximum of 28.7 uCi/g
at 20 ft beneath ground surface then rapidly decreases with depth. Several
additional concentration peaks occur at lower depths in the soil column but
only on the order of 0.001 to 0.0001 of the peak concentration. Strontium-90
concentrations follow the same general pattern with a maximum of 22 uCf/g at
25 ft. Samples below 75 ft contained less than 2 x 10-3 uCl/g. Data from
the other wells showed the same general trend but concentrations were less.
It was evident that the quantity of long-lived activity subject to leaching
by a moderate rise in the water table is relatively small.

History

-The 2164-43--through- 50 cribs are located in a conmnon radiation zone under the
hill directly north of the 241-Y Tank Farm. On September 15, 1955 approximately
11,000 gallons of scavenged supernatant radioactive waste overflowed a flush
tank and ran over the ground surface near the 216-8-43 Crib. Most of the
waste involved was scraped from the ground and pushed into a shallow hole just
south and east of the 8-43 Crib. It was then covered with 2 feet of clean soil.

Routine radiation surveys in the early 1970's found radioactive Russian thistle
to be growing over the old spill site and other ground surfaces within the
radiation zone. Remedial action, which reduced the size of the radiation zone
by 50 percent, was started in 1975 and conpleted in November, 1977. It
consisted of the following work:

--a-- AlI crib--vent risers -were cut and blanked off approximately 18" below
ground surface.

o The radioactive buried spill site was removed and all ground surfaces
decontaminated by removing radioactive surface soils.

o The ground surface was smoothed off and covered with a 6" sand pad.

o Two test strips of ground surface, 10 ft x 100 ft, over the cribs
were treated with a tracer element, lithium chloride, to help in
determining the effectiveness of the plastic root barrier against
future root penetrations.

o A herbicide, urea borate in dry form, was spread over the radiation
zone ground surface at the rate of 500 pounds per acre.

ReI. 5.6



RHO-CO-673

216-8-43. continued

History

o The surface above and near the cribs was covered with a sheet of
10 il plastic.

o The plastic was covered with 6" of sand for a padding against puncture
by rocks or otier sfnrp objects, then covered by 12" of top soil.

o Monitoring well casings were all extended so as to protrude from
12 to 18 inches above ground level.

o The ground surface was fertilized with 60 pounds of 16-20-0 fertilizer
per acre and seeded over the plastic area with 20 lbs. per acre of
cheatgrass, and over the remainder of the ground surface of the
radiation zone with cheatgrass and Siberian wheatgrass.

Ref. 5.66



CONTA-t[NATED LIQUT? DISPOSAL SITES
RHO-CO-673

I. NW

Name/Type of Facility Mast Designation Number

Crib 216-8Y-2 Cavern 216-8-44
216-8Y-1 Crib

Location 200 East, N. W. Quadrant Service Oates Status

300 ft north of 241-8Y Tank Farm, 350 ft sou 11/54.3/55 Inactive
of 12th St.

Site Coordinates (Approximate) Reference Drawings Elevations
Ground 623 ft

N-4417, W-53355 H-2-2603 Water Table 406 ft(1973)
H -2-2605 Site Depth 14 ft

Source and Description of Waste

5.6 x TOO liters. Scavenged waste from uranium recovery (TBP solvent
extraction) process in 221-U. High-salt, neutral/basic.

Description of Facility

One crib, gravel filled, 30 ft x 30 ft bottom surface area, constructed of a
concrete slab supported by vertical sections of concrete pipe. Deactivation:
The pipeline to the crib was valved out when the specific retention capacity
was reached.

Radionuclide Content (calculated from discharge data)

Radionuclide

Pu, g
Beta, Ci
9Sr, Ci

0 1Ru, Ci
137Cs, Ci
60CO , Ci
U, kg

At Time
of Discharge

15
2.2 x 104
2900
5500
700

5.0
d.3

As of
6/30/78

15.0
< "020.0

:620.0
6.53

-09.0
0. 22
2.27

Site Characterization Status and History

Refer to 216-8-43

Ref. 5.67

x 1-4



CONTAMINATED LIQUtO DISPOSAL SITES

RMO-CD-67J
I. NW -

Name/Type of Facility mast Designation Number

216-SY-3 Cavern 216-8-45Crib 216-8Y-3 Crib

Location 200 East, N. W. Quadrant Service Dates Status

400 ft north of 241-BY Tank Farm, 250 ft sout 4/5-6/55 Inactive

of 12th St.

Site Coordinates (Anoroxtmate) IReference Drawinos Elevations
Ground 623 ft

N-46502, W-53355 H-2-2603 Water Table 406 ft(1973)
H.-2-2605 Site Depth 14 ft

Source and Descriotion of Waste

4.9 x 106 liters. Scavenged waste from uranium recovery (TBP solvent
extraction) process in 221-U. High-salt, neutral/basic.

Description of Facility

One crib, gravel filled, 30 ft x 30 ft bottom surface area, constructed of a
concrete slab supported'by vertical sections of concrete pipe. Deactivation:
The pipeline to the crib was valved out when the specific retentihn capacity
was reached.

Radionuclide Content (calculated from discharge data)

Radionuclide

Pu, g
Beta, Ci
9OSr, Ci
LOSRU, Ci
1 T7Cs, Ci
60Co, Ci
U, kg

At Time
of Discharge

10
5.3 x 10'
2800
1.7 x 10"
1500

5.0
6.8

As of
6/30/78

10.0
<4880.-

1590.0
2.*9 x :0-3

6.8

Site Characterization Status and History

Refer to 216-8-43

Ref. 5.68



RHO-CD-673

CONTAMINATED LIQUTD OISPOSAL SITES I. NW

Name/Type of Facility 'ast Designation Number

Crib 216-4Y-4 Cavern 216-8-46
216-SY-4 Crib

Location 200 East, N. W. Quadrant Service Dates Status

500 ft north of 241-8Y Tank Farm, 150 ft sou 9/55-12/55 inactive
of 12th St.

Site Coordinates (Approximate) Reference Drawings Elevations
Ground 623 ft

-46587, W-53355 H-2-2603 Water Table 406 ft(1973)
H-2.2605 Site Depth 14 ft

Source and Description of Waste

6.7 x 106 liters. Scavenged waste from uranium recovery (TBP solvent
extraction) process in 221-U. High-salt, neutral/basic.

Descriotion of Facility
One crib, gravel filled, 30 ft x 30 ft bottom surface area, constructed of a
concrete slab supported by vertical sections of concrete pipe. Deactivation:
The pipeline to the crib was valved out when the specific retention capacity
was reached.

Radionuclide Content (calculated from discharge data)

Radionuclide

Pu, g
Beta, Ci
3 Sr, Ci
10Ru, Ci
137Cs, Ci
60Co, Ci
U, kg

At Time
of Discharge

20
1.2 x
1500
2.8 x

200
5

190

10s

10"

Site Characterization Status and History

Refer to 216-8-43

Ref. 5.)9

As of
6/30/78

20.0
<1960.0

852.0
3.61

'18.0
0.2ul

x .-:-!



CONTAMINATED LIQUTD DISPOSAL SITES
RHO-CO-673

I. 14W

Name/Type of Facility "ast Designation Number

Crib 216-V--5 Cavern 216-8-47
216-8Y-5 Crib

Location 200 East, N. W. Quadrant JService Dates Status

200 ft north of 2.4 Y Tank Farm, 450-ft-sout.,. -9/ 55 Inactive
of i2th St.

Site Coordinates (Approximate) Reference Drawings Elevations
G r MIMI623 ft

H-44332, W-53499 H-2-2603 Water Table 406 ft(1973)
H-2-2605 Site Depth 14 ft

Source and Descriation of Waste

3.7 x 106 liters. Scavenged waste from uranium recovery (TSP solvent
-extraction) process in 221-U. High-salt, neutral/basic.

Description of Facility
une crF3, gravei ri iled, 30 ft x 30 ft bottom surface area, constructed of a
concrete slab supported by vertical sections of concrete pipe. Deactivation:
The pipeline to the crib was valved out when the specific retention capacity
was reached.

Radionuclide Content (calculated from discharge data)

Radionuclide

Pu, 9
Beta, Ci
90Sr, Ci
10Ru, C1
137Cs, Ci
60Co, Ci
U, kg

At Time
of Discharge

5.0
4.5 x
620
1.9 x
150

1.0
6.8

104

104

Site Characterization Status and History

.Refer to 216-8-43

Ref. 5.70

As of
6/30/78

5.0
<aTT.0
352.0

2.15
S8.4

. .52
6.8

x1-2



CONTAMINATED LIQUTD DISPOSAL SITES

RN0,CO-673

I. NW

Name/Type of Facility 'ast Designation Number

216-8Y-6 Cavern 216-8-48
Crib 216-8Y-6 Crib

Location 200 East, N. W. Quadrant Service Dates Status

300 ft north of 241-BY Tank Farn, 350 ft sou 11/55-7/57 Inactive
of 12th St.

Site Coordinates (Apprximate) Reference Drawings Elevations
Ground 623 ft

N-46417, W-53499 H-2-2603 Water Table 406 ft(1973)
H-2-2605 Site Depth 14 ft

Source and Description of Waste

4.1 x 106 liters. Scavenged waste from uranium recovery (TBP solvent
extraction) process in 221-U. High-salt, neutral/basic.

Description of Facility
One crib, gravel filled, 30 ft x 30 ft bottom surface area, constructed of a
concrete slab supported by vertical sections of concrete pipe. Deactivation:
The pipeline-to-thecrib was valved out when the specific retention capacity
was reached.

Radionuclide Content .(calculated from discharge data)

Radionuclide

Pu, g
Beta, Ci
9QSr, Cit oSRu Ci
137Cs, Ci
60Co, Cf
U, kg

At Time
of Discharce

5.0
6.1 x 0'4

1300
6AdOO
450

1.0
2.3

As of
6/30/78

5.0
<2010.0

739.0
8.76 r10

265.0
4.a2
2.27

Site Characterization Status and History

Refer to 216-8-43

Ref. 5.71



CONTAMINATED LIQUTD DISPOSAL SITES
RHO-CD-673
L. Aw

Name/Tyoe of Facility 'ast Designation 'lumber

Crib 216-8Y-7 Cavern 216-8-49
Crib2154Y-7 Crib

Location 200 East, N. W. Quadrant Service Dates Status

400 ft north of 241-8Y Tank Farm, 250 ft soud 11/55-12/57 Inactive
of 12th St.

Site Coordinates (Approximate) Reference Drawings Elevations
GrOU1n0 623 ft

N-46502, W-53499 H-2-2603 Water Table 406 ft(1973)
H-2-2605 Site Depth 14 ft

Source and Description of Waste

6.7 x 106 liters. Scavenged waste from uranium recovery (TSP solvent
extraction) process in 221-U. High-salt, neutral/basic.

Descriotion of Facility
une cr1o,.gravei rued, 30 ft x 30 ft bottom surface area, constructed of a
concrete slab supported by vertical sections of concrete pipe. Deactivation:
The pipeline to the crib was valved out when the specific retention capacity
was reached.

Radionuclide Content (calculated from discharge data)

Radionuclide

Pu, g
Beta, Ci
90Sr, Ci
106Ru, Ci
137Cs, C1
60CO, Ci
U, kg

At Time
of Discharoe

15
.1 x 10

2700
2.4 x 104

410
5.0

320

As of
6/30/78

1.5.0
<3560.0
5530.0

3.09 x !:-3
242.0

0.241
318.0

fte Characterization Status and History

Refer to 216-8-43

Ref. 5.72



RHO-CO-673

CONTAMINATED LIQUTD DISPOSAL SITES I. 14W

Name/Type of Facility 'ast Designation Number

216-BY-8 Cavern 216-8-50
Crib 216-8Y-8 Crib

Location 200 East, N. W. Quadrant Service Dates Status

-.700 ft north of 241-8Y Tank Farm 1/65-1/74 Inactive
-.oo ft west of Baltimore Ave.

Site Coordinates (Approximate) Reference Drawinos Elevations
IGroUG1 622 ft

N-46502, W-53499 H-2-2603 Water Table 404 ft
H-2-2605 Site Depth 14 ft

Source and Description of Waste

5.9 x 107 liters. Waste storage tank condensate from the ITS #1 unit in
the 241-BY Tank Farn.

Description of Facility
GriC, concrete slab over pipe, 30 ft x 30 ft bottom dimension.

Radionuclide Content (calculated from discharge data)

Radionuclide

Pu, g
Beta, C1
9"Sr, Ci
10 t Ru, Ci
137Cs, Ci
'0Co, Ci
U, kg

At Time
of Discharge

<2.4 x 101
241
<6
11
88

<3.3 x 10-1
<2.9 x 101

As of
6/30/78

< 0.239
* 140.0
< 45

5.05 x
67.3

-6. .-

< 7.61 x Z 2
< 0.285

Site Characterization Status and History

Ref. 5.73

Refer to 216-8-43 for History



CONTAMINATED LIQUTO DISPOSAL SITES

RHO-CD-673

I. NW

"Name/Tyoe of Facility "ast Designation Number

Crib 216-8-55

Location 200 East, N.W. Quadrant Service Dates Status

Approximately 800 ft west of 221-8 9/67- Active

Site Coordinates Reference Drawings Elevations

N-42497, W-54810 to H-2-60330 Ground 700 ft
N-42920, W-55431 SK-2-19674 Water Table 400 ft(1973)

Site Depth 6-8 ft

Source and Descriotion of Waste

6.0 x 108 liters as of 12/31/73. Steam condensate from 221-8.
Low-salt, neutral/basic.

Descriotion of Facility

Crib, gravel-filled, 750 ft x 10 ft bottom dimension.

Radionuclide Content (calculated from discharge data) '

Radionuclide

Pu, g
Beta, Ci
90Sr, Ci
106Ru C
13Cs, Ci
S6Co, Ci
U, kg

At Time
of Discharge

<0.43
1.4 x 102

<7.2 x 100
4<.4 x 100
2.0 x 10,

<3.2 x 10-1
<3.9 x 100

Ref. 5.74

As of
6/30/78

< 0.552
<54.5
< 9.53
< 0.9
:.7.T

< 0.262
< 0.7.



CONTAMINATED LIQUID DISPOSAL SITES

RH0-CD-673

I. 14

Name/Type of Facility "ast Designation Number

Crib 216-8-57 216-8-57

Location2c East, N.W. Quadrant Service Dates Status

Near the northwest corner of 241-4Y Tank Far 2/68-6/73 Inactive

Site Coordinates Reference Drawings Elevations

N-46160, W-53775 H-2-62406 Ground 625 ft
N-46360, W-53775 Water Table 394 ft

Site Depth 10 ft(miniMum

Source and Description of Waste

8.4 x 107 liters (as of 12/31/73). Waste storage tank condensate fra the
ITS #2 Unit In the 241-8Y Tank Fart.

Description of Facility

Crib, gravel -filled, 200 ft x 15 ft bottom dimension.

Radionuclide Content (calculated from discharge data)

Radionuclide

Pu, g
Beta, Ci
90Sr, Ci
106Ru, Ci
13 7Cs, Ci
60Co, Ci
U, kg

At Time
of Discharge

<1.9
8.4
3.2
8.7
3.7
1.4
8.9

x 101
x 102
x 100
x 100
x
x
x

102
10-i
10-1

Ref. 5.75

As of
6/30/78

< O.J5T
c580.

2.47
2.23 x

299.0
< 3.94
< 3.89

10-2



RHO-CO-673

CONTAMINATED LIQUTO DISPOSAL SITES I. NW

Name/Type of Facility "ast Designation Number

Crib 216-8-80 Crib 216-8-80

Location 200 East, N. W. Quadrant Service Dates Status

The crib is under the floor of the north- 11/67-11/67 Inactive
east corner of the 225-8 Building.

Site Coordinates (Approximate) Reference Drawings Elevations

N-42573, W-54178 to H-2-34303 Ground 690 ft
N-42583, W-54178 Water Table 405 ft(1973)

Site Depth 40 ft

Source and Description of Waste

1.89 x 10" liters. Cell cleanout solid and liquid waste from the 24-inch
sewer in 221-8. Low-salt, neutral/basic..

Description of Facility

Two cribs, 8-ft diameter caissons, 16-ft long, bottom at depth of 40 ft.
Deactivation: Tops of the caissons were grouted with concrete to seal
in the waste; the 24-in. sewer was plugged at the west end of 221-8. The
site is now (5/75) covered by the 225-8 Encapsulation Facility.

Radionuclide Con tent (calculated from discharge data)

Radonuc11de

Pu, g
Beta, Ci137Cs, Ci
U, kg

At Time
of Discharge

0.080
1600
8.0

720

Ref. 5.76

As of
6/30/ST

0.08
<19.9

6.a;.
7-7.0



RHO-CD-673

- CONTAMINATED LIQUTO DISPOSAL SITES 1. NW

Name/Type of Facility "ast Designation Number

Crib 216-8-61 Crib 216-8-61

Location 200 East, N. W. Quadrant Service Dates Status
,ZOO ft northwest of 241-8Y Tank Farm
-200 ft south of 12th Street , Never used Inactive

Site Coordinates (Approximate) !Reference Drawings Elevations

H-46650, W-54175 to H-2-34522 Ground 663 ft
N-4660, W-54350 H-2-34523 Water Table 404 ft

Site Death

Source and Description of Waste

Future use: To receive waste storage tank condensate from ITS #1 Unit
in the 241-8Y Tank Farm.

Description of Facility

Gravel-filled, 1750 ft 2 bottom surface area.

Ref. 5.77



RMO-CD-673

CONTAMINATED LIQUTD DISPOSAL SITES I. A

Name/Type of Facility "ast Designation Number

Crib 216-8-62 216-8-62

Location 200 East, N.W. Quadrant Service Dates Status

Approximately 1500 ft northwest of 221-8 11/73- Active

Site Coordinates IReference Drawings Elevations

A-43680, W-54996 to H-2-34524 Ground 697 ft
A-43934, W-55349 H-2-34525 Water Table 404 ft (1973)

Site Depth %10 ft

Source and Descriotion of Waste

1.9 x 106 liters as of 12/31/73. 8 Plant process condensate.

Description of Facility

Crib, gravel-filled. tOO ft x 10 ft bottom dimension.

Radionuclide Content (calculated from discharge data)

Radionuclide

Pu, g
Beta, Ci
90sr, Ci
106Ru, Ci
137Cs, Ci
60CO, Ci
U, kg

At Time
of Discharge

8.4 x -1
1.9
0.31

<1.3 x 10-2
0.33

<8.3 x 10'
<1.9 x 10-2

Ref. S.78

As of
S/30/TS

0.3T;
<1.o.0

1.9.2.<140.02

33.9
<449.0
< 2.75



RHO-CD-673

CONTAZ4U4ATED LIQUID DISPOSAL SITES I. NW

name/Type of Facility Past Designation %umber

300 East/ Industrial IS-E-2
Burial Ground -Waste No. 02

Location 200 East, N.W. Quadrant Service Dates St.tu.

About 2,000 ft north of B-Plant. 1945-1953 Inactive

Site Coordinates Reference Drawings Elevations
N-44Z, W-o34Z6 -2-2479 Ground 669 ft
N-44395, W-S3426 H-2-5S34 Water Table 404 ft(1973)
N-4439d, W-S3950 Site 15 ft
N-44827, W-a3950

Source and Description of Waste

Failed equipment and industrial waste (approximately 3.2 x 70s fp0).

Descriotion of Facility 2.3 acres. Ref: Ltr. - Rockwell 1/09/80 063421-80-uCS
Sackfilied trenches.
Surface area 2.98 x 105 ftt.

Radionuclide Content (calculated fr=m discharge data)

Radionuclide

U, g
Pu, g
Total
Beta, Ci
90sr, Ci
t 0 NRu, Ci
137Cs, Cl

At Time
of Burial

3.0 x 105
8.0 x 102

2.5 x 10
5.0 x 102
1.1 x 103
5.3 x 102

As :f

'7,

:.:~ x -- 5

S.:6 x 3

2 I.

NOTE:
4NA total of 9even burial trenches are shown on print 4 ..- 2479.

An inspection of the burial grounds 2/21/78 dIsclcsed some caving over all
trenches, and grouno surface contamination on a nurner of t =leweeds near ne
north end of 218-E-9.
SunKen ground sur-aces over the centerlines of the various tren-:es plus !ne
vegettion growth patter-s show the true location of tne burial :rencnes in
burial grounds t-2, E-5, E-9 to be dlrerent than those drawn Zn :rint f-2-5553.

See Attachments

Ref. 5.79



Burial Ground : 218-E- 2

Extensive research work was done during the year 1979 to determine the
locations of all burial trenches within the bounds of the 218-E-5,
218-E-SA, 218-E-2 and 218-E-9 Burial Grounds radiation zone. The work
included viewing aerial photographs and construction prints, analyzing
plant growth patterns, and the load testing of the ground surface.

Four previously unrecorded sites were identified: (See attached map,
Figure A.2, Burial Grounds 218-E-2, E-ZA, E-5, E-SA, and E-9)

#1 Site Referred to as the 202-A, L-Cell Burial Package. It consisted
of four very large burial boxes. The burial location is shown as a 100
foot by 120 foot rectangular area within the 218-E-SA Burial Ground. The
0-2 Column from Purex K Cell was also buried here.

#2 Site Multiple trenches running north and south- in Burial Ground 218-E-5.
It has been stabilized as a single trench.

#4 Site A long trench (423') running east and west along the north side
o727rE-Z Burial Ground.

45 Site A long trench (423') parallel and adjacent to Site 44 above.

Ref. 5.80



Burial Ground: 218-E-2

Fiscal year ground surface stabilization work within the 218-E-2 Burial
Ground was done over trenches #3, 4, 5, 6, 7, 8, 9, 10, 11, and 12.
(See map attachment.) Trenches 5, 6, 7, 10, and 12 were so close together
they were treated as a single work area. Trenches 9 and 11 were also
treated as a single work area.

The work consisted of load testing the ground surface for subterranean
voids by driving over the ground with a A0-ton vehicle, renoving vegetation
and radioactive contamination from the ground surface, placing 1 foot of
fill dirt over the burial trenches and seeding the prepared surfaces with
cheatgrass.

Details of Cheatgrass Seeding

o Broadcast seed at rate of 20-25 lbs/acre.
o Cover seed with a drag.
o Cover with wheat straw mulch at the rate of two tons mulch/acre

(approximately 60 bales of straw).
o Apply amonium sulphate 21-0-0 fertilizer at the rate of 100 to 200 lbs.

per acre.
o - Water with-water-truck at the rate of 6500 to 7500 gals/acre. Repeat

watering after one week.

The ground surfaces between the seeded trenches were stabilized against
weather erosion with a three- to six-inch covering of bank run gravel.
The gravel covering will be treated with ureabor herbicide at a rate of
500 lbs/acre.

A total of 9,000 yds 3 of dirt was used in the 218-E-5, SA, 2, and 9
Burial Ground complex for fill material and seed bedding. Three thousand
yards of gravel were spread between the trenches.

Ref. 5.81



TABLE 4 ,2A, 5,

TRENCH NO.

1
2

3
4

5,9 6, 7,

9,11
13

SOIL DEPTH
(NO BIOBARRIERS)

1'

-1'

1 l

I I

REVEGETATION SPECIES

To Be Completed FY '80
To Se Completed SY '80
Cheatgrass

Cheatarass

Cheatgrass

Cheatgrass

' -Cheatgrass

To Be Completed FY '80

i

Ref. 5.82

5A 09 STATUS
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CONTAhINATED LIQUTO DISPOSAL SIEs 

Name/Tyoe of Facility Past Designation Number

Storage Site Regulated Equipment 218-E-ZA
Storage Site No. OZA

Location 200 East, N. W. Quadrant Service Dates Status

Abo't 14,00 ft north of -Plant. Unknown Inactive

Site Coordinates IReference Drawinas Elevations

-4367, W-53426 H-2-34761 . Ground 681 ft

N-44395, W-54225 .1s6.V?. Water Table 405 ft(1973)
Lte Deoth NA

Source and Descriotion of Waste

Regulated equipment.

Description of Facility

Aboveground storage.

Radionuclide Content (calculated from discharge data)

NA

NOTE:

Print M-2-2479 shows the outline of a trench 46 feet wide along the north
boundary of 218E-4A (a later designation) Burial Ground or above ground
storage site.

Print H.2- 5534 also shows this trench at coordinates N-44332, W-53812,
N-44332, W-3468; but the trench is improperly drawn on the print. The
centerline N-44332 is shown south of a post at N-4A327. However, it still
falls within the area later designated as the 216-E-A Burial Ground.

There are no records or '. inventories available at this writing to --
indicate the 216 -was ever used as a burial ground. I: more -
properly dul esignated as a regulated bouipment above ground storage
site. h .. u. .

:Z21/7d - An inspection of the burial trench in 2d--A, soutn of tne
raiiroad track, disclosed a number of sink holes along the center Itne of
the trench, incicating the trench had been dug and used for dry was:e burials.

(See Attachment)

Ref. 5.84

1. HW



Burial Ground: 218-E-2A

During the summer of 1979, a number of loads of dirt were hauled in and
dumped over the burial trench in 218-E-2A Burial Ground. This fill material
brought the surface of the trench to ground level. Future plans for
fiscal year 1980 include stabilization of the ground surface of this trench.

Ref. 5.85



COaTAHLiATEO SiLIS STuRAGE AdU GURIAL SITES

RHO-CD-673

I. W

Name/Type f aCility a et Dslytna t t UrL

200 East/Minor
Construction No. 4

Location 200 East, N.W. Quadrant

About 1,300 ft north of B-Plant.

lervice Date

2/55-;1956

218-E-4

Statu-

Inactive

Site Coordinates Reference Irawinq- Elevmticns
N-43757, W-63575
d-43666, W-53700 H-2-31269 Ground '481 ft
i-44175, W-54170 H-2-34761 Water Table '.404 ft (1973)
N-44300, W-54150 Site Death NA

Source and Description of Waste

Repair and construction wast (approximately 5.6 x 10' ft').

Description of Facility

Backfilled trenches, surface area:

Radionuclide Content

1.56 x IDS ft 2 .

(calculated from .iscr..zs i, data;

Radionuclide

U, g
Pu, g
Total Beta, Ci
90 Sr, Ci
106Ru, Ci
137Cs, Ci

At Time
of Burial

1.0 X 103
10
10
0.20
0.43
0.21

As of
9/30/78 -

1.3 x 103
10.
4.67
0.1

0.=4

NOTE:

The number of trenches is not known.

Ref. 5.86

Burial Ground



RH0-CO-63

C0ATALATE0 SOLIDS STuRAGE A.:u BURIAL SI-T

Nare/lvpC of Facility as: D:;mtiQ' '

200 East/Industrial 218-E-5
Burial Ground WIt N.0Waste No. 05

Location 200 East, N.W. Quadrant

About 1,850 ft north of 8 Plant. 1954, 1955, 1956 Inactive

Site Coordinates IReference yrawins Elevations
N-L44f , W-.5390 H-2-3129 Ground 671 ft
N-44400, W-53950 H-2-55534 Water Table 404 ft(1973)
N-44400, W-54177 M-2-34761 _te Depth is ft
N-44827, W-54177 IN-2-2479

Source and Uescription of Waste

Failed equipment and industrial waste (approximately 1.1 x 105 ft1).

Lescription' of Facijiy 2.3 acres. Ref: Ltr. - Rockwell 1/09/80 #65421-80-005

Backfilled trenches, surface area: 1.02 x 10i ftz.

Radionuclide Contdn: (Cajlklatej fra iisnr;' data)

Radionuclide

U, g
Pu, g
Total Beta, Ci
9 0Sr, Ci
10 Ru, Ci
137Cs, Ci

At Time
of Burial

1.0
5.2
7.5
1.3
3.2
1.6

x
x
x
x
x
x

As of
9/30/TS

10
10Z
103
102

102

NC'Sh

Print 8-2-2479 shows the location of c=&:aF*.4
dug in the 218-E-5 Burial Ground.

1. xZC05
S20.

93. 3

trench-having been

The locations of the trenches in this burial ground, as indicated y
sink holes and weed growth patterns along the length of tre trenches,
is different than locations shown on Print H-2.55534.

Ref. 5.87
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Burial Ground : 218-E-5

Extensive research work was done during the year 1979 to determine the
locations of all burial trenches within the bounds of the 218-E-5,
218-E;5A,-218-E-2-and-218--E-9 Burial Grounds radiation zone. The work
included viewing aerial photographs and construction prints, analyzing
plant growth patterns, and the load testing of the ground surface.

Four previously unrecorded sites were identified: (See attached map,
Figure A.Z. Burial Grounds 218-E-2, E-2A, E-5, E-SA, and E-9)

#1 Site Referred to as the 202-A, L-Cell Burial Package. It consisted
of four very large burial boxes. The burial location is shown as a 100
foot by 120 foot rectangular area within the 218-E-5A Burial Ground. The
0-2 Column from Purex K Call was also buried here.

#2 Site Multiple trenches running north and south in Burial Ground 218-E-5.
It has been stabilized as a single trench.

#4 Site A long trench (423') running east and west along the north side
oErr-E-2 Burial Ground.

#5 Site A long trench (423') parallel and adjacent to Site #4 atove.

Ref. 5.8



Burial Ground : 218-E-5

Fiscal year 1979 ground surface stabilization work within the 218-E-5
Burial Ground was confined to a rectangular area 131 feet by 340.5 feet
containing multiple burial trenches running north and south.

The work consited of load testing the ground surface for subterranean
voids by driving over the ground with a 40-ton vehicle, marking the
site location with steel posts, removing vegetation and radioactive
contamination from the ground surface, and establishing a one foot deep
soil seed bed over the entire area. Drought resistant grases will be
seeded in FY1980.

(See Table 4 Attachment)

Ref. 5.89



218-E-2,. 2A,(5t,) SA &9 S

TRENCH NO.

1

2

3
4

5, 6, 7,
10, 12

8
9, 11

13

SOIL DEPTH
(NO SIOSARRIERS)

I I
1'

1'

1'

1'

1'
1'

34-4W

REVEGETATION SPECIES

To Be Completed FY '80
To Be Completed BY '80
Cheatgrass
Cheatgrass

Cheatgrass

Cheatgrass

Cheatgrass

To Be Completed FY '80

U

Ref. 5.90

TABLE 4 STATUS
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COiiTAMINATED SOLIS STuRAGE Ad BURIAL SITES

Name/Type of Faci l ity

Burial Ground

as Des igna tIoilucr

200 East/Industrial
Waste No. 05A

218-E-SA

Location 200 East, N.W. Quadrant ervice Oates Status

About 1,850 ft north of 8 Plant adjacent to 11956-1957-1958- Inactive
and west of 218-E-5. 1959

Site Coordinates Reference rawinas Elevations

N4A827, W-54177 -2-55534 Ground %671 ft
N-44400, W-54177 H-2-34751 Watar Table .404 ft(1973)
N-44400, W-54609 Site Death %15-25 ft
N-A4.827. W-54609
Source and Oescriotion of Waste

Failed equipment and industrial waste (approximately 2.2 x 105 ft. -

Jescriotion of Facilit' 3.4 acres. Ref: Ltr. Rockwell 1/09/80 #65421-80-005

Sackfilled trenches, surface area: 2.27 x 105 x ftz.

Madianuc1 idu Co: celit

Radiortuclide

U. g
Pu, g
Total Beta, Ci
91 Sr, Ci
106Ru, Ci
L37Cs , Ci

NOTE:

Unable to locate any print showing
in this burial ground.

At Time
of Burial

1.2 x
1.4 x
1.7 x
3.3 x
7.1 x
3.5 x

105
70310'
102
102102

As of

01.0/ 1:3

3cT.

o.59 x 1'
2:a.c

location of burial trenches

Ref. 5.92

RHO-C3473

I. 4W
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Burial Ground : 218-E-SA

Extensive research work was done during the year 1979 to determine the
locations of all burial trenches within the bounds of the 218-E-5.
218-E-BA, 218-E-2 and 218-E-9 Burial Grounds radiation zone. The work
included viewing aerial photographs and construction prints, analyzing
plant growth patterns, and the load testing of the ground surface.

Four previously unrecorded sites were identified: (See attached map,
Figure A.2, Burial Grounds 218-E-2, E-2A, E-5, E-SA, and E-9)

#1 Site Referred to as the 202-A, L-Cell Burial Package. It consisted
of-four ver- large burial boxes. - The> burial locati-on is shown as a 100
foot by 120 foot rectangular area within the 218-E-SA Burial Ground. The
0-2 Column from Purex K Cell was also buried here.

#2 Site Multiple trenches running north and south in Burial Ground 218-E-5.
It has been stabilized as a single trench.

#4 Site A long trench (423') running east and west along the north side
r27T-E-2 Burial Ground.

t5 Site A long trench (423') parallel and adjacent to Site 44 above.

Ref. 5.93



Burial Ground: 218-E-BA continued

Fiscal year 1979 stabilization work within the 218-E-SA Burial Ground
was confined to a 100 foot by 120 foot rectangular area above the burial
sites of the Purex L-Cell burial package and the "2-O" column from Purex
K Cell.

The work consisted of load testing the ground surface for subterranean
voids by driving over the ground with a 40-ton vehicle, marking the site
location with steel posts, removing vegetation and radioactive contamination
from the ground surface, and establishing a one foot deep soil seed bed over
the entire area. Orought resistant grasses will be seeded in FYl980.

See Table 4 Attachment

Ref. 5.94



TABLE 4 218-E-2. ZA, 5 ,( 'Z& 9 STATUS

SOIL DEPTH
TRENCH NO. (NO BIOBARRIERS) REVEGETATION SPECIES

1 1 To Be Completed FY '80

2 1' To Be Completed BY '80
3 1' Cheatgrass
4 1' Cheatgrass

5. 6, 7. i Cheatgrass
10, 12

8 1' Cheatgrass
9, 11 i' Cheatgrass

13 3"--6 To Be Completed FY '80

Ref. 5.95
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RHO-C-673

COdTAMIAATED Si LIOS STuRAGE ANU BURIAL SITES I. NW

Nare/Type of Facility as: Osiynacion

200 East/Regulated 218-E-9
Storage Site Equipment Storage Site

No. 09 ___ __

Location 200 East, N.W. Quadrant

About 2000 ft north of B Plant.
East of 218-E-2 Burial Grounds.

Service Dates

1958

LATuI

L4ACTIVE

Site Coordinates IReference Drawincs Elevations
G-44M, W-53426 Ground %669 ft
N-44827, W-53425 H-Z-31269 Water Table -04 ft(1973)
N-44827, W-53516 Site Death NA
1-44395, W-53516

Source and Description of waste

Regulated equipment storage.

,6escription of Facilit4j (See 218-E-2 for acreage)

Above ground storage.

Radionuclide Content (calculated ?rcm-di r'cnIrie dac

NA

NOTE:

Burial Ground 218-E-9 appears never to have been a burial ground; but to have
been used exclusively as an "Above Ground Storage.Site".

The 2184-9 Ia.isted Coordinates of N-44395, W-53426; N-44827, W-53426;
N-44827, W-53516; and N-44395, W-3516 fall within the boundaries of the
east 90 feet of the 218-E-2 Burial Ground.

it Is recomended that tie designation 218-E-9 be deleted from -he burial
ground records.

NOTE: Extensive work was done in FY1979 to upgrade 218-E-2 and
218-E-9 Burial Grounds. See 218-E-2 writeuo for details.

Ref. 5.98



Rockwell Hanford Operations
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C0I4TM1IaATED SOLIDS STuRAGE Adu BURIAL SITES

RHO-C0-673

I. NW

Name/Type of Facility

Burial ground.

'as, Des isnacion

200 East/Industrial
Waste No. 10

-Locat-idof-- 2A last, N.W. Quadrant -

About 2000 ft north and west of B Plant.
Oirectly west of 218-E-SA.

rerv Ice sa

February 1960

Site Coordinates Reference Drawinus Elevations

N-44395, W-5544 H-2-31269 Ground 671 ft
N-44464, W-55440 H-2-55534 Water Table 404 ft(1973)

Site Depth 15-25 ft

-Source and DesCription of Waste

Failed equipment and industrial waste (approximately 5.4 x 106 ft 3).

Jescription of Faciliti

8 trenches running nor and south, approx. 400 ft long, surface area:
7.83 x 105 ftz. Trench #1 is 24' deep, 15 ft wide in the bottom, and 63 ft wide
at ground level. - All other trenches are IS ft deep, 16 ft wide in the bottom,and 61 ft wide at'ground level.

Radionuclide Content (cal]uiatd from 2isciwic caca)

Radionuclide

U, g
Pu, g
Total Beta, Ci
90Sr, Ct
1ORu, Ci
11Cs, Ci

Misc.
Radionuclides

At Time
of Burial

8.0 x
4.9 x
2.4 x
4.8 x
1.0 x
5.1 x

10s
103
105
103
104
103

As of
9/30/78

8.0 X10
L.9 x :03
4.33 x 1
1.02 x 1-1
4.0
1.2.3 x:.

Ref. 5.100

Number

218-E-IC

Status

Active



CL2NtAMINAtLi LIQURI UISPOSAL STES
RH-CD-674
;. NW

Name/Type of Facility

Unplanned Release

r s t Desionjtion r

4-52 UN-216-E-2

Location 200 East, N.W. Quadrant

241-8-i2 Diversion Box -
Southtwest corner of 241-8 Tank Farm

ite tZuoruinacos (Approximate)

N-45000, W-53000

Reference Drawlntis

h-2-4450
Sheet 7

i brr-vic -Dates

Spring 1954

E!evations

Ground
Water Table

Site Death

a -tu;-

Inactive

625 ft
392 ft (1973)
Several trenche

Source and escription of Waste

dtscription of _Faci lit_
An area of approximately
contaminated during work
soil was removed and the

50 ftz next to the 241-8-152 Diversion Box was
on the diversion box. A portion of the contaminated
reminder covered with several inches of clean soil..

Radionucl ide Custcnit (at time of discharge)

Approximately 1 Ci Mixed Fission Products.

Ref. 5.101
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RHa-CD-673
I. NWCONTAMINATED LIQUID DISPOSAL SITE3

'ame/Typeo FaLci lit

Unplann edR -se

Location ZOa East, N.W. Quadrant
241-SX-155 Diversion Box approximat
900 feet south of the 241-BX Tank Fa

Dist esirna tion Numrber

241-8X-155 Diversion UN-2l
Box ground contaminationI

Service Dates

October 1955

6-E-6

S ta tu:-

te Coordinats (Aprozinate) Reference rawintjs Elevations
Ground 625 ft

l-44200, W-53200 1-2-44500 Water Table 329 ft(1973)
Sheet 7' Site Depth Near surfacE

Source and Description of Waste

Mixed fission product salt waste from B-Plant.

Ugscriptiun of Facility
Ground contamination near 241-8X-155 Diversion box resulting from pressure
testing of lines and jumpers in the 155-8X Diversion Box. Approximately
200 ft1 of surface area was covered with clean soil.

Radionuclide Content (at time of discharge)

Approximately 10 Ci Fission Product.

History:

A spill that occurred during pressure testing of lines and jumpers in the
156-8X Diversion Box caused ground- contamination to a maximum dose rate of
22.6 rads/hr at surface. Effected area is approximately ~
It has been covered with clean soil. ar

Ref. 5.102



RHO-tu-oi,
CONTAMIPLATED LIQUID DISPOSAL SITEI

me/Type of Facilit, rastDesirnation Numler

Unplanned Release 221-8, R-3 line break UN-2Z6-E-8

S ervice Da'Tes Statuz
Location 200 East, N.W. Quadrant - i- -,

South of 221-8, between the building and 1946
7th Street.

Site Loordinatut (Approximate) Reference Drawins Elevations

-42575, W-53450 H-2-44500 GrOUnd 686 ft
Sheet 7 Water Table 404 ft(1973)

Site Depth NA

Source and Description uf Waste

Metal waste from 221-8.

Uejrition of Facilit -
An area approximately 100 ft x $00 ft long due to waste from a leak in the R-3
line. During subsequent construction activity the major portion of the con-
taminatad soil was removed to the 200-E Ory Waste Surial Ground.

Radi!onucIitds3C!Ltent (at time of discharge)

<SCi mixed fission products remain.

Ref. 5.103



CONTAMINATED LIQUIU UISPUSAL SITE3
RHO-CD-673
I. NW

Name/Type of Facility I rAst Denigaain. Nuwber
221-8, R-13 Line Break UN-216-E-13

Unplanned Release Near Utility Pit

Location 200 East, N.W. Quadrant

221-8, R-13 Utility Pit

JService Oates

7/20/72

S tatus

Site Coordinates (Approximate) Reference ruawinjs Elevations

N-42500, W-53850 H-2-4450 Ground 700 ft
Sheet 7 Water Table 402 ft(1973)

Site Depth NA

Source and Descriotion of Waste

221-8 Process Waste.

De-crition of Facility

Leak in pipeline from Tank 18-1, 221-8 Bldg. to 154-SX Diversion Box near
the R-13 Utility Pit. Radiation measurements in the pit were 15 rad/hr
at 2 in.

Radionuclide Conitent (at time of discharge)

At Time As of
Radionuclide of Discharge 12/31/73

Ll7Cs, Cl '15 --14

History:

Excavation of an unencased line (from tank 18-1, 221-8 Building to
l54-8X Diversion Box) near the utility pit at R-13 disclosed a process waste

I leak. Radiation measurements taken at bottom of the pit read 15 rads/hr
within two inches of the source.

(See Attachment)

Ref. 5.104



RHO-CD-673

RAOIATI ON OCCURRENCE
- *AOIA?1CMOC4URUCCSa r5c~

M. 0. Alford

cars

7/20/72

221-B. R-13 Pit

0830

**Wnt..-....f .. 3-8 .Ases U..s. 1-8

Loss of control of contamination Failure of equipment (line or flange leak).

from a radiation zone.

During a routine survey, high radiation was discovered in the R-13 pit adjacent
to the 221-8 Canyon Building. Radiation levels of 15 rads/hr existed in the
northeast corner of the pit near the bottom (approximately six feet down).
It is suspected the contamination had seeped into the pit from the east side

- where several unencased lines leave the building. The line most likely to
have caused the contamination is the 18-1 waste line that goes to the 154 BX
diversion box just south of the 221-8 Building.

GE Backman (2) rea was zoned off and excavation started to try and locate
GC Cberg ak.
FA Perkins
RE Smith

L. Mahan/F. A. Perkins 7/20/72

None

Ref. 5.105



REFERENCE 6

Memo to file from BW Mercer on 8-18-87, Solid Waste Volume

Estimates for Selected 200 Area Burial Grounds

A



O Battelie
Pacific NorthwEst Laboratories

Oat.

TO

August 18, 1987

File

Fmm S. W. Mercer

&±"ba Solid Waste Volume Estimates for Selected 200 Area
Burial Grounds

Supervisory personnel in process operation and radiation monitoring in
200-West Area during the period 1944 to 1968 were interviewed to obtain
estimates of the volumes of solid waste disposed to several burial grounds in
the 200-West Area. The estimates are as follows:

218-W-1
218-W-2-
218-W-3
218-W-4A
218-W-1A

250,000 ft'
290,000 ft3
390,000 ft3

630,000 ft3

480,000 ft3

BWM:DAL:dar

Ref 6.1

Priet Maitwu __

Intmmns obflhhton

File/LB



REFERENCE 7

Hanford Wells, PNL-5397, February 1985



RHO FILE I

WELL INIT.
DESIGNATION CASING DRILL DEPTH DEPTH TO KIN-MAX DATE

------- COORDINATES BLEV. DEPTH (PfT TO DIA. BOTTON PERFORATED CONP. FORMER
EmA NO. (VT-NL) (FT) HATER (IN) (FT) DEPTH (FT) (N-K) DBESIGNATION COMMENTS

--------------------------------------------------------------------------------------------------------------------------------

299 3 6 1
2998 2927

299 W 7 51

M
P
N

H
P
N

N
299 7 52 P

N

N
299 7 53 P

N
299 WI8 I P

2892R N

N
299 W10 2 P

2893 N

299 W16 3 P
2885a W

N
299 W19 4 P

2886R N

N
299 MN 5 P

2890 W

N
299 N6 6 P

,N

N
299 316 7 P

N

5- a- I N
299 W1 8 P

2997 2996R N

so
m
-t

-4

702.53 476 243 6.3 318 23S-288

25

25

25

6.0

6.8

6.0

8 46895

074396

045525

676706

.45530

076625

545475

076665

043550

076218

843154

876183

643348

7595

043033

875977

042669

876489

042678

076695

042675

875615

043799

M75698

195-275

6741.33 230 20 4.6 220 291-229

672.66 239 206 8.3 228 194-238

678.95 245 204 6.9 236 191-245

672.31 240 284 8.5 240 175-220

228

226

6.8

6.5

688.33 252 214 6.0

8-57

7-84

7-84

7-84

DESTROYED

DESTROYED

DESTROYED

8-47 224-T-4

12-51 224-T-10

11-51 241-T-15
221-T-15

11-52 241-T-16

4-54 241-T-20

8- 0

6 IN. SCREEN 181-234

I- a

205-251 6-73 2997 SCREEN

-...... ~ - - ----- -A. -. ~

674.66 305 267 5.0 385



9113218.8429 ______________

H10 FILE I

NELL INIT. I
D9SIGNATION CASING DRILL DEPTH D
----------- COORDINATES ELEV. DEPTH IT) TO IDIA.

ERA NO. (FT-NSL) (FT) WATER (IND

=' T O hI-fAl DATE
bf N PERFORATED CORP. FORMER
;FT) DEPTH (FT) (H-f) DESIGNATION CONNENTS

N 3368419
299 119 2 P

2928k W 6730

N 831819
299 W19 3 P
2991 2929R If 374598

299 W19 4
2938R9

M
P
H

939000

071999

0

P

0

R

N 036055
299 W19 5 P

2968R M 874685

N 036850
299 W19 6 P

29693 N 874719

N
299 W19 7 P

29701 W

299 119 8

03708

074125

694.34 338 232 8.3 248 235-295

695.12 381 225 11.1 44 238-288

715.26 558 255 8.0 350 255-535

715.52 281 253 1.50 263-283

715.52 535 256 1.59 464 514-535

715.52 481 256 1.50 4110 456-41

715.52 411 256 1.58 348

379 256

788.0 235 215 6.9 238

70.00 422 216 6.0 413

78.80 235 217 6.0 223

N 038574
P
W 873264

585 248 0.8

386-411

345-370

235-238,

380-411

288-233

NONE

733.81 573 3.5 468

N 037660
299 U19 11 P

2619R W 074210
258 6.8 4-83 go SCREEN 229-250

GROUTED

i

8-57

9-57

2-68

5-65

6-64

6-64

6-64

8- a

11-68

12-60

11-68

6-71

299 19 18 ,

'0
-t

~-8

I,')

NONg 4-76 DON-7



NELL INIT.
DESIONATION CASING DRILL DEPTH DEPTH T0 KIN-MAX DATE
-------- COORDINATES SLIV. DEPTH IFT) TO DIA. BOTTOM PERFORATED COnP. FORMER

ERA NO. (VT-IHL) (IFT) ATER (IN) FT) DEPTH (FT) (N-1) DESIGNATION CONENTS
-------------------------------------------------------------. 4--------------------------------------------------------------

a 481312
499 si or P

W 887521

499 si Sa P
W 8576I

492.58 149

548.88

i-li DE-i)

11

646.59 1964 MS 10.0 1935 8-77 FFTF WELL 13

a £88818
7 P

v 807478

B
BP

H

8sas

56797

548.59 399 162 8.8 3911 221-396

541.98 294 155 8.8 294 185-281

3-72 frTr WELL 2 WATER SUPPLY NELL

3-72 1FTF WELL I WATER SUPPLY WELL

-A

-A
Ca

m
-t

-4

(a

I j

. . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . - I-.- .

499 s1 80 p
N

085692

8878

499 s
4817

-4499 so
4818



I9'1132iI8.43
WELL INIT.

DESIGNATION CASING DRILL DEPTH DEPTH TO
---- COORDINATES ELEV. DEPTH (FT) TO DIA. BOTTOM

EMA HO. (fT-MBLl (FT) WATER (IN} (FT)

MIN-I- 'TB
PERFORATED Lun?. FORNER
DEPTH (FT) N-Y) DESIGNATION COMMENTS

N 123819
699 24 33 P
4416 4898R H 833315

N 823968
699 24 46 P
4525 N 845994

524.21 165 124 8.0 159 116-164

591.46 668 189 18.6 686 188-678

699 24 95

N
699 25 B2 P

B

H
699 25 28 P

W

699 25 26 P
NN3

N
699 25 31 P

N

699 25 55 P
4415 N

N
699 25 78 P
4452 N

0

P

0

'S

B

699. 25
4448

024780

881688

824586

319731

824839

825794

825282

S58985

325357

555192

825258

878088

484.78 135

521.95 992 116 6.9 155

515.58 665 DRY 6. 52

511.76 &1s 118 6.0 685

676.55 315 266 8.0 389 265-314

629.56 465 179 5.8 228 175-446

629.82

629.82

629.82

629.82

629.82

N 625380
88 P

W 879512

283

438

390

398

272

179

179

179

179

179

1.50

1.56

1.58

1.50

1.58

614.63 336 174 4.8 1

188-258

437 429-438

398 38M-394

328-330

272 262-272

216 170-265

8-48 25-35

18-56

-- 0 24-133

0-74 IC-SP-25

8-81 8-22

8-81 s-8

1-81 s-6

7-48 25-56
USGS-1

8-48

1-65

5-64

5-64

5-64

5-64

11-46 DB-14

CEMENT PLUG AT 159FT
SAMPLE PUMP

SAMPLE PUMP
PLUG AT 236

PROJECT ALE HATER
SUPPLY NELL

CEMENT PLUG AT 309FT
SAMPLE PUMP

CEMENT PLUG AT 228WT
SAMPLE PUMP

REMOVED

REMOVED

REMOVED

REMOVED

REMOVED

DEEPENED 1-79,
CASING TO 849FT

NI

-Ao

:0



9 4 -TI32 I8.D 4 -,
pwr

WILL
DESIGNATION CASING
---------- COORDINATES ELEV.

EMA NO. jFT-MSL)

INIT.
DRILL DEPTH DEPTH TO MIN-MAX DATE
DEPTH (FT) TO DIA. BOTTOM PERFORATED COMP. FORMER
(FT) WATER (IN) (PT) DEPTH (FT) (h-Y) DESIGNATION COMMENTS

----------------------- -------------------------------------------

699 31
4495

65 P
W

0

P

0

N
699 31 84A P

W

630536

065357
683.09 450 242 8.8 310 240-450

683.35

683.35

683.35

683.35

031316

083729

699 31 848

N
,0j 699 31 84C P

W
LI'

N
699 32 18 P

W

N
699 32 22 P
4794 W

N
699 32 26 P

N
699 32 31 P

W

N
699 32 32 P

W

N
699 32 42 P

4717 W

031299

884238

032062

017582

032003

021995

031647

026279

031873

031489

031866

031504

032470

042453

260

436

396

330

625.35 4398

625.12 1696

625.88 3854

452.64

242

243

242

242

1.50

1.50

1.50

6 .60

268

353

371

322

248-268

413-436 -

378-398

310-333

56 6.6 66

517.55 171 119 6.0 168 111-169

520.59 715

522.08

6.0

118 6.0 162

528.53 780 117 6.0 147

-57 699-30-65

4-65

6-64

6-64

6-64

6-83 DC-16A

12-82 DC-16D

16-82 DC-16C

6-80 GOLDER 86

2-71 SAMPLE PUMP

0-80 GOLDER 48

0-80 GOLDER 71A

0-80 GOLDER 71

517.42 125 116 6.0 122 110-123 6-68

A"k

PLUG AT 122



- ~r-.- - * - - - .. a---
*~- *.- * b,-~-~ -rr*~ **

WEIL INIT.
DESIGNATION CABING DRILL DEPTH

---------- COORDINATES ELEV. DEPTH (FT) TO
ELA NO. (FT-NSL) (FT) WATER

DEPTH TO "IN-MAX
DIA. BOTTOM PERFORATED
(IN) (rT) DEPTH (FT)

DATE
COMP. FORMER
IN-Y) DESIGNATION COMMENTS

699 34 89A

N 833587
699 34 89 P

N legml&

699 35 3

699 35
4419

9

N 035604
P

N 883862

N 03470
P
* 689115

N £34831
699 35 16 P

W 015715

N 83472*
699 35 19A P

N 019074

N 034671
699 35 196 P

W 819626

N 834673
699 35 27 P

W £27437

643.08 441

443.44 4848

4*6.36 48'

8.0

3.0

6.3

233-353

499.83 174 117 8.8 172 110-135

457.83 565 61 6.0 I66

473.92 556

482.08

6.6

82 6.0 166

531.67 1403 159 2.8 NONE

6-81 RRL-6A

9-a1 RRL-68

0-0 GOLDER 53 DESTROYED

10-58 USGB NO.10 SAML PUMP
34.7-9.2

8- 1 COLDER 29

6-79 GOLDER S

8-79 GOLDER 9A

12-73 DI-4

N 034519
699 35 26 P *

N 028253

ft 634860
699 35 66 P

4494 N 665758

699 35 7*
4441

699 35 78A
4445 4869R

N 634523
P
U 869986

N 835478
P

S870198

534.36 685 132 6.0 141

725.65 456 288 8.8 367 208-3117

693.72 325 246 8.0 266 235-320

668.65 279 184 6.0 232 188-279

8-9 COLDER 74

6-57 CEMENT PLUG AT 322FT
SAMPLE PUMP

9-41 34.5-69.5 64 1N 0-233 SCREEN
- 233-53.SAMPLE PUMP

8-50 35.5-78
35-79

CEMENT PLUG AT 232FT
SAMPLB -*uMP

p

m
-t

-J

U'

D

.. TW 
0 1



WELL INIT.
DESIGNATION CASING DRILL DEPTH DEPTH TO HIN-NAX DATE
---------- COORDINATES ELEV. DEPTH (FT) TO DIA. BOTTOM PERFORATED CORP. PORNER

EllA NO. ffT-HSLl IFTl MATER (IN) (VT) DEPTH (TT) (H-1) DESIGNATION COMMENTS

N 831431
699 37 22 P 478.21 117 6.8 3-88 GOLDER 83

M 022364

N 637385
699 37 25 P 501.37 135 6.6 0-88 GOLDER 76

W 024851

M 036838
499 317 36 P 543.97 438 6.6 44 0-89 COLDER 47

N 135837

S8370613
699 37 43 P 690.17 517 287 8.0 335 316-334 11-55 38-43 PLUGGED AT 3381T

4480 H 842874 37-42 SAMPLE PUMP

0 698.43 348 287 1.58 346 326-348 12-64 RENMOVED

4748 P 696.43 499 284 1.50 588 468-493 5-64 REMOVED

4749 0 . 698.43 448 284 1.50 443 428-438 5-64 REMOVED

N 696.43 396 284 1.58 383 370-388 5-64 RENOVED

* 5)7612
699 37 82A P 636.75 448 163 6.8 175 155-418 18-66 CEMENT PLUG AT 175FT

4554 N 441928 SAMPLE PUMP GROUTED

0 636.96 286 363 1.50 134 196-200 4-64 REMOVED

4621 P 636.95 468 163 1.58 349 460-488 2-42 REMOVED

4622 0 636.95 386 162 1.56 362 348-380 2-62 REMOVED

4623 a 636.95 320 162 1.50 31 296-328 2-62 REmOVED

4624 8 636.95 251 159 1.50 242 221-251 2-62 REMOVED

N 837883
699 37 828 P 636.87 627 162 8.0 283 163-590 13-68

4555 N 081999

0 636.38 185 162 1.58 296 165-185 16-64

4685 P 636.32 560 1.58 344 543-566 5-64

4686 0 636.36 413 1.56 184 390-413 5-64

4687 I 636.33 336 1.50 141 338-336 5-64

4688 5 636.36 258 1.50 414 238-256 5-64

4608 £ 636.36 253 1.53 414 2.3-25M 5-64

* 636.32 370 1.50 312 358-378 5-64 REMOVED



WEI.L
DESIGNATION
----------- , COORDINATES

ERA NO.

N 843628
699 41 5 P

W 384942

. N
699 41 18 P

N

041403

089614

N 841853
699 41 11 P

N 510648

N
699 41 23 P

W

841487

019741

INIT.
CASING DRILL DEPTH
ELEV. DEPTH (FT) TO DIA.

(FT-SLI (FT) WATER (IN)

483.88 273 118 6.8 263

582.83 293

512.78 438

485.67

6.8

6.8

6.0497

DEPTH TO HIM-MAX DATE
BOTTOM PERFORATED COMP. PORKER
(FT) DEPTH (FT) (M-Y DESIGNATION COMMENTS

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

6-83 GOLDER 118

0-79 GOLDER 5

8-88 GOLDER 194

8-86 GOLDER 31

N 048692
23 P 2

U 822876
466.58 128 71 8.8 89 65 -115 7-48 48-24 SAMPLE PUMP

N
699 41 25 P

W

043642

825881

N 341023
699 41 31 P 3

W 083

468.87 165 72 6.0 81

534.63 335 1306 6.8 126

3-33 GOLDER 82

.-69 GOLDER 44

N
699 41 91 P

N

N
699 42 2 P
4859 N

N
699 42 3 P

U

N
699 42 13 P

H

841413

891228

84275

31923

841998

833225

041847

09652

.N 942474
699 42 12A P
4517 w 011725

652.64 4088

433.50

3.9

95 76 6.3

444.27 428

10-82 RRL-14

74 - 93

6.0

495.53 223 136 6.0 222

514.27 358 141 8.8 183 123-325

0-79

4.5 IN. CASING
TO 2671

SAMPLE PUMP

8-80 GOLDER 116

6-88 GOLDER 112

12-57 43-11
42-12

PLUG 18.SAMPLE PUMP
6" LINER 131-183

* '-a- . ;-.)-. . *-*-* . ~4.- *4-~-- r
4

4

699 41
4433

C3

0
-4,

-4

1 0

-.&.4 . 11



WELL INIT.
DESIGNATION CASING DRILL DEPTH DEPTH TO NIN-KAX DATE
----------- COORDINATES ELKV. DEPTH IFT) TO DIA. BOTTOM PERFORATED COMP. FORMER

ERA NO. (FT-HSL) IFT) WATER (IN) (FT) DEPTH (FT) (N-Y) DESIGNATION COMMENTS
- -------------- ---------------------------------------------------------------------------------------------------------------

699 47 92 P

N
499 41 ABA P

H

I

2

047413

091631

046785

11

807.50 755

710.61

6.8 743

6.'

269 1.75

259 1.75

18-81 ERL-B

11-83 DC-28A

650-672

583-513

12-83

2-84

N
699 47 88B P

N
699 47 SIC P

2

3

4

5

6

N
699 47 BID P

W

1

N
699 48 7 P
4756 N

699 48 17 P

N

699 46 18 P
4850 N

046916

079B35

46716

319919

646996

08803B

8484178

0116547

0404178

616616

017870

712.34

711.22

712.58

712.66

712.84

713.02

713.16

713.34

312 12.5 1432

12.5

315

310

311

312

312

312

1.75

1.75

1.75

1.75

1.75

1.75

9-83 DC-268

11-83 DC-20C

3567-3569

2932-2954

2757-2719

2417-2439

1579-1892

1619-1629

1485 383 12.5

713.14

384.72

429.58

424.98

299 1.75

54 29 12.3

83

1-04

1-64

2-84

2-84

2-84

2-84

SCREEN

SCREEN

SCREEN

SCREEN

SCREEN

SCREEN

1-64 DC-28P

1386-1488

49 12 - 32

6.0

84 63 6.6 65 6 - 75

1-84 SCREEN

8-43 D-6W
DAN-6

4-44 HD-22TH
NAN-25

3-44 IID-21TH
HAN-24

SAMPLE PUMP

FILLED IN

SAMPLE PUMP

J

-, C- ~ ~* ~ Ytb~~4tr,~wr~r cc,

I')

SCREEN

SCREEN

a,lb
-t



- -IGMAT1ON
----- COOKDIINATMS

CASIOU UN LM . gu&n PC . .......
ELEY. OU1TS (UT) TO DIA.

INA NO. (FT-HsL) (FT) WAT98 (IN)
. .001 PERFORATED COMP. FORMER
IFT) DEPTH IFT) IN-TI DESIGNATION COMMENTS

699 50 1f

699 58 14

699 56 28A
4160

699 50
4844

28B

699 58 28C

699 58 30
4451

699 55 42
4466

-A 049944
P .

N 549885
P
V 833917

N 858858

* 828350

N 050203
P
V 827510

0 5076
P
N 528219

N 05299

I 029833

N 850264
P 1
U 641969

4661 P

N 8*58155
699 58 45 P

W 844992

N 849988
699 58 48 P
4803 H 647588

N 049848
699 56, 53 P
4473 N 053267

N £49873
699 58 85 P
4497 N 884565

P0

R

S

389.78

392.43

46

33

529.80 260

43.6

12.8

6.8 260

537.35 167 145 6.5 161 146-156

534.77 39 DRY 6.8

528.64 380 136 8.8 178 138-221

466.54 125 59 8.0 186 53 - 64

467.10 98 59 1.58 95

464.84 115 59 1.55 115

451.41 178

550.39 255

6.6

6.5

75 - 98
118-115

133-178

213-250

556.30 185 156 8.0 159 142-159

739.35 688 284 6.8 335 285-545

739.68

739.35

739.68

739.65

739.68

368

525

548

488

420

265

292

290

205

1.53

1.58

1.55

1.55

1.50

3N

525

384

369

18

200-385

520-525

528-540

460-480

485-428

a- a MD-5W REF 2
839 HAN-5

6-43 HANFORD CITY
WELL HAN-28

4-45 BY TSLE. E
WELL

8-71 GM-5

5-88 GOLDER 28

7-45

5-55

4-65

6-77

5-82

I-8

2-55 50-54

11-57 699-50-84

4-65

8-78

5-64

5-64

5-64

FILLED IN

FILLED IN

PUMPED
IN

WELL FILLED

SCREEN 146-156 PT.
SAMPLE PUMP

PLUG AT 178

SAMPLE PUMP
PLUG AT 180

REMOVED

65 SLOT SCREEN

18 SLOT SCREEN

25 SLOT SCREEN

SAMPLE PUMP
PLUG AT 159

CEMENT PLUG AT 335FT
SAMPLE PUMP

REMOVED

60 SLOT SCREEN

REMOVED

REMOVED

REMOVED
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NELL
IjESIGNATOmt CASING DRILL DEPTH
---------- COORDINATES ELEV. DEPTH {PT) TO DIA.

ERA NO. - (FT-HSL) (FT) WATER (IN)
-- - -99 -- - -- - --55-- - -- - --68-- - -- - -

699 55 608
4835

699 55 fiC

H 855425
P

w 86340

DEPTH TO
BOTTOM

(FT)

573.66 288 173 24.8 288

HIN-MA
PERFORAT
DEPTH (F

230-205

571.92

E
ED

4-..

DATE
CONP. FORMER

T) (k-k) DESIGNATION COMMENTS

7-44 20ND-SWN 14.20.24. IN.CASINGS

8- 3

N
699 55 63 P

N

699 55 65A
N

P
N

055108

862746

8551368

365381

N 05530
699 55 658 P

N 065386

N
699 55 65C P

N

N
699 '5 7I P

3 4442 N

055180

865316

655326

869955

572.00 198 39 14.6 193

588.8 136 16.6 136

588.08 346 43 36.3 146

588.08

569.83'

146 146

205 145 9.4 388 136-282

5-44 280HD-4W

2-44 206ND-2W

4-44 280m-361

0-44 201D-6N

6-48

CASING REMOVED

CASING REMOVED

CASING REMOVED

CASING REMOVED

CEMENT PLUG ISOFT

a

4625 P

N
699 55 76 P

4533 N

569.38 163 140 1.50 165 353-168

569.03 195 145 1.53 195 191-195

8551

158979

0

4611 p

583.24 238 142 8.9 192

583-58 17 142 1.53

141-221

51O-170

583.53 283 142 3.58 231 183-283

5-65

6-77

1-59

5-65

9-63

REMOVED

65 SLOT SCREEN

CEMENT PLUG AT 192rT
SAMPLE PUMP

REMOVED

REMOVED

617-43 235 167 8.0 215 165-178 11-48 55-88.5 CEMENT PLUG AT 215FT
SAMPLE PUMP

617.69 198 165 1.58 191 165-190

617.69 228 165 1.58 223 202-228

------4

699 55 89
4453

N
P
,W

£54969

888592

a

4665 P

m
-t

NJ

-9

91

4-63

9-63

REMOVED

REMOVED



REFERENCE 8

Ground Water Monitoring at Hanford Site,

January-December 1984. PNL-5408



File Note

Date: 10/29/87

From: RD Stenner

Subject: Prefix number change for FFTF well identification numbers as
used in References 7 and 8 of U.S. DOE Hanford 200 Area NPL
package

The document in Reference 8 uses the 699 prefix for the FFTF wells which is
the general prefix used to indicate general Hanford Site with no attachment
to a specifically defined Hanford Area. The document in Reference 7 uses the
499 prefix for the FFTF wells which is the prefix for indicating an
assignment specifically to the defined Hanford 400 Area. The wells SO-7 and
SO-8 with the 699 prefix in Reference 8 and the SO-7 and SO-8 wells with the
499 prefix in Reference 7 are the same wells.



2 RADIOLOCECAL IMPACT

cround-water transport of radionuclides at the

Harford Site represents a potential pathway for
exposure to radiation via water obtained from

wells that tap the unconfined aquifer or from the

Columbia River into which the unconfined
aquifer discharges. The following discussion

aains then potential pathways---------

UNCONFINED AQUIR
During 1984, drinking water for the FFTF (wells
69-O-7 arid 699-SO-a), the Yakima Barricade
d-uddhouse kthe Arid Land
Ecology (ALE) site (spring and well 699-518-51),
and the Hanford Patrol Firing Range (well 699-
528-E0) was obtained from the unconfined
aquifer, or in the caseof thespring the confined
aquifer. Figures 1 and 4 show the location of
these drinking water sources. Untreated water
samples were collected quarterly from taps at
the various sites. Analyses were conducted to
determine the concentrations of gross alpha,
"Co, 3Cs, "Sr, 3H and gross beta at all the sites,
and additionally, "sRu and 2Na at the FFTF. Cal-
culations were performed by computer model
(Napier, Kennedy and Soldat 1980) to determine
if the annual dose exceeded the 4 mrem dose
equivalent limit established by EPA (U.S. Envir-
onmental Protection Agency 1984) and the State
of Washington (Washington State Department
of Social and Health Services 1978) for drinking
water.

Quarterly drinking water samples collected at
the Patrol Firing Range, ALE, and the Yakima
Barricade were at or below the detection limits
for the various constituents listed above. At the
FFTF, only tritium appeared at levels well above
detection, or State of Washington or Federal EPA
screening levels. Tritium concentrations ranged
from 24,000 to ;LOOO pCi/f, with a mean of
29,000 pCi/I. The annual intake of 2501 of water
(based on an occupational consumption of one
l/d for 250 d/yr) from this source, at the mean
concentration of 29,000 pCi/i, would produce a

--50-year committed whole body dose equivalent
of 0.46 mrem. This calculated dose equivalent is
less than 15% of the Washington State Drinking
Water Standard of 4 mrem per year.

I

Additional monitoring of all DOE drinking water
systems at Hanford is conducted by the HEHF.
Information on this effort can be obtained from
Maas (1985).

COLUMBIA RIVER

Ground water from the unconfined aquifer
enters the Columbia River via subsurface flow
and springs that emanate from the riverbank, as
reported by McCormack and Carlile (1984). The
amount of tritium entering the river is calcu-
fated, based on the average concentrations of
tritium in wells near the river and the flow rate of
ground water into the river.

During 1984, tritium concentrations measured in
wells at the old Hanford Townsite were in the
range of approximately 100,000 to 250,000 pCi/f.
The average concentration of tritium entering
the river in this area during 1984 was estimated to
be 172,000 pCi/I. Except for some small zones
around the 100-8, C, 100-K, and 100-N Areas (see
Appendix 8.2 and Figure 5), ground water from
the Hanford Townsite area represents the highest
probable tritium concentrations entering the
Columbia River.

Despite the fact that tritium enters the Columbia
River near the Hanford Townsite, the impact to
the river is low. The average annual flow rate
from the unconfined aquifer into this section of
the river near the Hanford Townsite has been
estimated to be approximately 0.085 m'/sec
(3 cfs). This is based on the ground-water Varia-
ble Thickness Transient (VTT) model developed
for the Hanford Site (Reisenauer 1979). During
1984, the average Columbia River flow rate at
Priest Rapids Dam was approximately 3,186 m3/
sec (112,500 cfs) (Price et al. 1985). Ground water
entering the Columbia River from the Hanford
Site was, therefore, diluted by several orders of
magnitude because of the difference between
the river and ground-water flow rates. The tri-
tium concentration in the river becauseof ground
water in this area was calculated to be nearly
5 pCi/f. During 1984, the average background
tritium concentration in the Columbia River
upstream from the site was 130 t 15 pCi/I, and
the average concentration downstream from the
site was 170 ± 23 pCi/I (Price et al. 1985). The
contribution by ground water compared to
background concentrations was not significant.

43 Ref 8.1
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30-OCT-87 Version 1.0
ENVIRONMENTAL SAMPLE ANALYSIS RESULT REPORT

05 MAR 84 to 19 NOV 84

WATER

Samp #: 1220

SANITARY WATER

FFTF 481 BLDG

SAN GRAB UNFILTERED

108/H 3 LIO

Date Off

05 MAR 84
01 JUN 84
20 AUG 24 -
19 NOV 84

Date On

05 MAR 84
01 JUN 84
20 AUG 84
19 NOV 84

Result +/- 2 Sigma
(PCI/L

3.54E+04 +/- 5.93E+02
2.64E+04 +/- 5.11E+02
2.96E+04 +/- 5.41E+02
2.'38E+04 +/- 4.84E+02

Fraction
Minimum:
Maximum:
Median:

of Results>DL: 4/
2.38E+04 (19 NOV 84)
3.54E+04 (05 MAR 84)

2.64E+04

4 Mean: 2.26E+04
Standard Error of Mean: 5.64E+03
Standard Deviation: 1.13E+04

Page I

Comments



REFERENCE 9

Project Inspection, Log Book Project V-749,

400 Area Water Systems Improvements Water Well (FFTF Well) No. 4



FILE NOTE

Date: 12/28/87

By: R.D. Stenner P

Re: Discussion regarding the need for drilling the new deeper
drinking water well at FFTF

The new drinking water well (well 499-SI-8C) was drilled to provide a
deeper source of drinking water at the FFTF in order to provide drinking
water that met the drinking water standards for tritium. The water from this
new well_ is used__exi usiveLv .xcept during high-water demand periods and
during preventative maintenance scheduled outages where the water from the
other two wells is mixed in the system to supply the needs of the FFTF. The
general percentage of water mix in CY-1986 is as follows: 83.1% from 499-S1-
8C, 16.8% from 499-SO-7, and 0.1% from 499-SO-8.



Persons invited to

Meier Associates

James Canon
Terry Meier
Randall Brown

W. H. C.

Ken Blair
John Forsberg

(480 and clear)

attend:

Onwico Drilling

Jerry Bultina
Dale Bingham

J. A. J.

Bill Swift

2/28/85

Drilling of the well was completed on February 27, 1985

to a depth of 400 feet. The casing has been installed to a

depth of 360 feet, leaving 40 feet of open hole.

A meeting was held with the contractor, J. A. J., W. H. C.,

0. 0. E. and Meier Associates. -In attendance were:

Onwico Drillino J. A. j. W. H. C.

Dale Bingham Bill Swift John Forsberg
Jerry Bultina

0. 0. E. Meier Associates

John Neath James Canon
Randall Brown

The discussion was on well screening and development. The

driller suggested driving casing to the 400 foot depth, and per-

forating until the desired rate is available, which would also

bring an anticipated savings, as perforating would be less- ex-

pensive than screening.

Ref 9.1

/



Meier Associates suggested screening the lower portion

of the hole for maximum yield at that depth, as the hole is

now open. It was agreed that the driller would install

10 feet of solid casing in the bottom of the hole, 30 feet

of screen from depth 390 feet to 360 feet, then test pump

the well to find what the G. P. M. would be. If the G. P. M.

is not sufficient (200 G. P. M. minimum) perforations will

be made at depths determined by the driller and the engineer.

If additional savings are obtained, this money will be

spent in the testing and developing of the well.

The driller will discuss the soil analysis and screen

design-with Mr. Brown, and allowed to order screen as ver-

bally approved by Mr. Brown. No work will be allowed to

proceed without the submittal from the contractor on the

analysis, screen design, alternatives for developing the

well (such as perforating) and testing.

Ref 9.2



REFERENCE 10

Washington State Public Supply System Listing
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REFERENCE 11

Memo to file from BW Mercer on 8-14-87, Drinking Water Wells in

Franklin County Within 3 Miles of the 200 Area and Within 3

Miles of the 300 Area Defined Boundary



IpBanee
Pacific Northwest Uboratories ntamad Distibudon

File/LB

Oat. August 25, 1987

To File

rM B. W. Mercer }rj/

subi Drikin Water Wells in Franklin County within 3
Miles of the 200 Area Defined Boundary and within 3
miles of the 300 Area DefTined Boundary

Mr. Clifford L. Bates of the Benton Franklin District Health Department was
contacted on the above date for information on the number of drinking water
wells within the subject boundaries. Mr. Bates has a map of Franklin County
in his office showing the location and nitrate levels of drinking water wells
that he is aware of. There may be other wells that have not been reported.
Thetnumber-of-wells-within 3 miles of the-200 Area-defined boundary and within
3 miles of the 300 Area defined boundary are tabulated on the following pages
which also give estimates of the number of people served.

BWM:DAL:dar



To File
August 25, 1987
Page 2

Wells within 3 Miles of 200 Area Plume in the Columbia River

Boundary: 1) North edge of T. 12 N. on an east-west line with Klamath Rd.

2) East boundary north-south along Taylor Flats Rd.

3) West boundary - Columbia River

4) South boundary - Sagemoor Rd.

Total No. of wells within this boundary is 17 including private dwellings and
community wells(3). Private single dwelling wells - 14.

No. of community wells (from State of Washington Public Water Supply System
Listing)

Eppich Water System

Cypress Gardens School

Rio Vista Orchards

Permanent People

12

12

8

Migrant Farm WorkerResidents

8

0

0

TOTAL 32 8

assume 3 people to private single dwelling wells - 14 x 3.8

TOTAL

* 40 people

* 53.2 people

* 95.2 people

1.

2.

3.



To File
August 25, 1987
Page 3

Boundary:. 1)

2)

3)

4)

Wells within 3 Miles of 300 Area Plume

North - along Dogwood Rd on line to river

East - along Taylor Flats Rd

West - along Columbia River

South - along Dent Rd and line to river

Total No. of wells within this boundary is 17 including both private single
dwelling wells and community wells.

No. of community wells (from State of Washington Public Water Supply System
Listing)

Cypress Gardens School

Rio Vista Orchards

No. People Served

12

8

TOTAL 20 people

assume 3.8 people at each single dwelling well:

15 wells x 3.8 people/well a 57 people

Total people single + community wells a 77 People

1.

2.
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IABLE 1. Concetan of Hanford Res
:by Site. I-

Number of Percenti
Sit Workers - of Totai

1010 0 -

200 E&W 2 5 1

IWPPSS #1,2,14 2,g5 20

FFF 2,Q 0 16

300 3,110 21

attelleeet al. 3,1 4 22

TOTAL 14,a95 T 0-0

While the worker counts being report d by Reservation employers are usually

'shown condentrated around a des.ignated site, in reality a substantial portion

ta these workers areilikely to be distributed over tte surrounding area. jFor

iconvenience, however, they are credited to such particular sites as 200 East,

200 West,VWPPSS 1. Z. & 4, etc-

t tden ification of shift wdrkers posed some reporting diffikulties si ce

some firms run four shifts while most of the others :anduct their operations

in three. The 100 Aj-ea was a special problem since these workers operate over

a wide arma. Regardless, all workers have been accounted for in this census

although lme of the shift counts may be approximate

OISTRISuT 0N OF WORKERS BY RAOII AND COMPASS OERECTION

Figule 2 maps ihe distribdtian of Hanford Reservation worters by worl shift

over inte",als of one-mile rad i and 16 compass directions canered at th4 Purex

Plant. Tnese same worker distributions are repeated in Figure-3 without the

maped Reiervation Area as a background. As a tabulating convenience, sector

parcel c-unts have been rounded to units of.5 and 10, but were adjusted ! the

total count for the-separate companies. :(Secause of confidentiality, wor er

counts fer the separate companies are not being pr-.ented here.) For better

readabil ty, sector-counts within the first two mile radii from the Pure: Plant
center a e presente separatel 1 at the battom of thA figure. Table 2 presents
jwork dis ribution it detail including a dumulative ount of workers and ercent
of tota1las distance and direction from the Purex P ant cente increases

-I -Ref 12.2
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FIGURE 11.2-4 ESTIMATED GEOGRAPHIC DISTRIBUTION OF THE
1970 POPULATION (162,000) WIMhIN A 5Q-MILE
RAOIUJS OF THE 300 AREA

The nature and extent of present land use is discussed here on the basis of arcs described from'
the HMS. Land areas included in a SO-mile radius from the other two site areas are also covered)'
Figure 11.3-5 is an aerial Photograph in which the general Pattern of agricultural usage is
visible as the darker, regular-shaped areas.

Figure 11.3-6 shows the Hanford site map with sector markings overlaid. Starting from a line
directly north from the HS, the 0- to 10-mile zone is entirely within the Hanford site boundaries.
The area south of the Columbia River is under ERDA control and is a limited access area. Land
north of the river is controlled by the Bureau of Sport Fisheries and Wildlife as a games refuge.
All of this zone between the 0- and 150-degree radials is limitsd access area under Control Of
ERGA. Most of the zone between the 150- and 270-degree radials consists of the Arid Lands
Ecology (ALE) Reserve, which is also limited access ERDA land under the control of Battelie.
Pacific Northwest Laboratories. Between the 270-degree radial and the starting radial, land
south of the Columbia River is ERA-controlled limited access while north of the river'.the game
refuge is again encountered.

Again starting freem the 0-degree radial, the 10- to 20-mile. zone is a continuation of the game
refuge with some areas open for fishing, shotgun and bow hunting during daylight hours. Further-
north, this zone includes the eastern-mst portioan of the Wahluke Slope and the Saddle Mountains.
Between the Wahluke Branch Canal and the Columbia River, the zone consists of lands in the
Columbia Basin Project which are i rrigated or are being developed for irrigation. The area west
of the river is limited access Hanford site. Leaving the site boundary, the land is mainly
unirrigated land used for grazing cattle and sheep. South and west of the Col umbia River. in
the vicinity of Priest Rapids Damn, Is the U.S. Army Yakimna Firing Range which is undeveloped,
unpopulated land. Northwest of Priest Rapids Dam and Reservoir Is the Wahluke Slope portion of
the Columbia Basin Project. This area is partially irrigated with the rest (outside the Hanford
Reservation) expected to be Irrigated In the next 10 years.

I,1..3-4
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a Trilateration measurements are performed between 17 benchmarks to measure crustal
motion. The initial base data were developed 3 years ago, with additional measure-
ments at 6 months, 12 months, and 36 months from that time.

e Tiltmeters are installed at three locations on the Hanford Reservation. These pieces
of equipment provide continuous geographic coverage of crustal motion. The output is
telemetered to Menlo Park for interpretation.

Figure i1.3-9 shows the active earthquake zones in Washington deduced from earthquake activity.
East of the Cascades the trends are largely north-south, parallel to the Cascades, and divide
the state into separate geographical, structural and tectonic provinces.

In eastern Washington. clearcut relationships of epicenters to specific surface faults or
structures capable of faulting are not yet recognized. The suggested low rate of tectonic
deformation for more than 10 million years" does not indicate any cause for concern. Much of
the stress resulting from the continuing low rate of tectonic deformation appears to be dissi-
pated from random epicenters along joints and bedding planes.

On the assumption that an mm-VII quake (magnitude 5.5) were to occur at the northwest end of the
Rattlesnake-Wallula fault zone, ground acceleration of 130 g could be expected beneath most of
the Hanford Reservation. 3 1 A design basis of 25% g on the Hanford Reservation thereby allows
for an MM-VI11 intensity quake (magnitude up to 6.8) for an earthquake epicentered at the same
site. No such quake has ever been recorded in eastern Oregon or Washington.

The siting of nuclear facilities over the synclinal troughs assures the maximum distance from
all hypothesized faults capable of earthquake generation. If. in addition, the Ringold Formation
and Pasco Gravels are compact and und4sturbed, the site is certain to pose few problems. An
appreciable to high degree of conservatism appears present by acceptance of the MM-V1II quake
(magnitude 6.8) and the resulting 25% g acceleration for facility design purposes.

1I.3.8 Hydrology(a) [RPS, X.18. X.25]

1i.3.8.1 Surface Water

The surface water bodies located within the boundaries of the Hanford Reservation consist of the
Columbia River, various ditches and ponds in and near the 200 Areas and three ponds located in
the 300 Areas (Figure 11.3-10). Two ephemeral streams, Cold and Dry Creeks, appear for a short
time only after heavy rainfall or snowmelt. The Yakima River borders part of the Reservation's
southern boundary.

11.3.8.1.1 Columbia River

The river reach from Priest Rapids Dam (river mile 397) to the head (approximately river mile 351)
of the reservoir behind McNary Dam is the last free-flowing reach of the Columbia River within
the United States. The main channel is braided around the island reaches, and submerged rock
ledges and gravel bars cause repeated pooling and channeling. The riverbed material is mobile,
dependent on river velocities; it is typically sand, gravel, and rocks up to 8 inches in diameter.
Small fractions of silts and clays are associated with the sands in areas of low velocity
deposition, becoming more dominant approaching the upstream face of each river dam.32,33,34

The Columbia River in this reach has widely varying flow rates due to regulation by the power
producing Priest Rapids Dam just upstream (Figure [1.3-11). Flows during the summer, fall and
winter vary from a low of 36,000 cubic feet per second (cfs) to as much as 160,000 cfs each day.
The long-term annual average flow at Hanford is about 120.000 cfs, 35 but during low flow periods;
daily flows average 80,000 to 90,000 cfs. The mean annual flow rate for 1972 at Hanford was
159,500 cfs. In recent years, peak flows during the spring runoff have ranged from i60,000 to
550,000 cfs; the maximum flood peak of record is 693,000 cfs in 1948.

The river width in the Hanford reach varies between 400 and 600 yards depending upon flow rate
and position along the river. 36 The depth at the deepest part-of the measured css-sections
variesapproximately from 10 to 40 feet;with an average around 25 feet. Daily fluctuations in*
depth caused by Priest Rapids regulation can be as much as 10 feet above Vernita and 5 feet at
Hanford. The maximum velocities measured vary from less than 3 feet per second (fps) to over
11 fps, again depending upon the river cross-section and flow rate.

(a) Appenix.11.3-0 provides-a more detailed description of the hydrology of the Hanford
Reservation. In 1973 Atlantic Richfield Hanford Company authorized an independent review,
recently completed, of the hydrology program.

II.3-13
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Focal mechanism and fault plans solutions of earthquakes within eastern Washington and

the central Columbia Plateau indicate that the principal compressional stresses are nearly
horizontal and oriented north-south, while the principal tensional stresses are nearly verti-

cal (DOE 1984).__This-suggests thrust or reverse faulting on last-west striking planes.

These principal stress directions are in good agreement with mapped east-west oriented folds
and associated thrust or reverse faults (DOE 1984).

Geologic structures of the Pasco Basin are typical of the Yakima Fold Belt subprovince,
which is characterized by narrow, linear anticlines and broad synclines (Figure 4.5). These

structures generally extend eastward from the western margin toward the canter of the Colum-
bia Plateau, where they generally die out (Myers and Price 1979). Most known faults are
associated with anticlinal fold axes and probably developed concurrently with folding (Price

1982).

Geologic and geodetic data have been Interpreted to suggest that the Columbia Plateau,
including the Pasco Basin, was deforming at a low to average rate of strain in the middle to
late Miocene and that the rate of deformation has continued into the late Cenozoic
(DOE 1984).

Seismic activity and related phenomena such as liquefaction, fault rupture, and subsi-

dance are not believed to be plausible events that might directly release waste, except with
continued storage of tanked waste near the end of tank life. A related discussion of the

seismicity is included in Appendix R.

4.4 HYDROLOGT

4.4.1 Surface Vaters

The Columbia River, which flows through the northern part of the Site and along the
eastern boundary, and the Yakima River, which flows along the southern boundary, are the
dominant streams In the area. Both streams are important sources of industrial, agricultural
and domestic water for the region. The average annual Columbia River flow in the Hanford
reach, based on 65 yr of record, is about 3,400 m3/sec (USGS 1985). Minimum flows of
117 m3/sec have been recorded. For a period of 57 yr of record, the average annual flow of
the Yakima River is about 104 m3/sec and the monthly maximum and minimum flows of 490 m3/sac
and 4.6 m3/sec. respectively. Maximum Columbia River floods of historical record occurred in
1894 and 1948, with flows of 21,000 m3/sec and 19,500 w/sec, respectively (DOE 1982a).
Floods of this-size would inundate part of the 100-F Area but would be of little consequence
to the rest of the Site. The likelihood of floods of this magnitude recurring has bee"
reduced by the construction of several flood control/water storage dams upstream of the Site.
Normal river elevations within the Site range from 120 In where the river enters the Site near
Vernita to 104 m where it leaves the Site near the 300 Area.

The probable Xi-4 m4m flood (the flood discharge that may be expected from the most
severe combination of meteorologic and hydrologic conditions reasonably possible in-the
region) would produce a flow of 40,000 ff3/sec. Flood elevations would be about 129 m at

4.10
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Badgers are present in low numbers in the 200 Areas plateau. The coyote is the principal

mamalian predator on the Site. Elk are found on the Rattlesnake Hills to the southwest of

the 200 Areas. Mule deer are abundant on the western part of the Site. They occasionally
use the waste ponds and associated riparian vegetation near the 200 Areas for food and water.

Mule deer tagged along the Columbia River have moved as far as 48 km from the Site (Fitzner

and Price 1973).

4.5.2 Aquatic Ecology

Aquatic habitats on the Site include the ponds and ditches in or near the 200 Areas, the
Columbia River, and two very small streams formed by Rattlesnake Springs and Snively Springs
west of the 200 Areas plateau (Figure 4.7). Ponds found in or near the 200 Areas are Gable
Mountain Pond, which is undergoing decomsissioning, and 8 Pond, which receives cooling water
from the 200-E Area encapsulation facility (Emery and MeShane 1980: Mainhardt and Frostenson
1979). The wastewater disposal sites have similar water-quality characteristics, and support

similar kinds of algae, rooted plants, and invertebrates; all contain introduced populations

of goldfish. West Pond (created by the rise in the water table in the 200 Areas) is very
alkaline, has a much lower density and diversity of plants and animals, and has no fish.

The ponds and ditches are the only sources of water in the arid environment of the 200 Areas
plateau and therefore provide habitat for many birds and manuals. The ditches are generally-
less productive than the ponds in tens of biomass per unit area of bottom or unit volume of
water. Streams formed by Rattlesnake and Snively Springs are quite productive but are remote
from the waste sites. --

The Columbia River is the largest surface water and supports the most important. aquatic
ecosystem on the Site (ERDA 1975). Much of the river has been impounded by hydroelectric
dams, and the section of river on the Site is the last non-tidal free-flowing reach in the
United States. Forty-five species of fish have been identified from the Hanford reach of the
river (Gray and Dauble 1977). Several species of economically important salmon and the
steelhead trout use the river to migrate to and from upstream spawning and rearing areas.
Fall chinook salmon and steelhead trout spawn on the Site. The Hanford site serves as the
spawning area for more than one-third of the fall chinook salmon in the mid-Columbia
(Watson 1970).

4.5.3 Threatened and Endangered Species

Endangered and threatened plants and animals on the Site, as designated by both the fea-
eral and State of Washington agencies, are listed in Table 4.12. There are no endangered c-
threatened plant species on the Site, although several species are listed as candidates for
endangered or threatened status or for classification as "sensitive."

Both the'federal and state authorities consider the peregrine falcon to be an endangerei
species and the bald eagle a threatened species. -The state also classifies the white pelica'
as endangered and the ferruginous hawk and the pygmy rabbit as threatened.

The bald eagle is fairly common along the Hanford reach of the Columbia River durin
fall and winter, when it feeds on the carcasses of spawned-out salmon (Fitzner et al. 19Z

4.28
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FIGURE 4.11. U.S. Candses Populations for 1980 of Cities Within ;6 be of the
Hanford meteorology Station (DOE 1982a)

The estimated population of Benton and Franklin Counties from 1981 to 1990 varies from a
decline of about 8% to an increase of about 8%, depending on different assumed economic
factors. These factors include the restart of construction of WPPSS reactors, possible
changes in agricultural growth, or the start of new DOE-related projects (Watson et al.
1984).
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REFERENCE 15, 16 and 17

U.S.G.S. Maps Showing 200 Area Surroundings

Gable Butte, Wash 7.5 Minute Map
Coyote Rapids, Wash 7.5 Minute Map
Locke Island, Wash 7.5 Minute Map
Vernita Bridge, Wash 7.5 Minute Map
Snively Basin, Wash 7.5 Minute Map
Iowa Flats, Wash 7.5 Minute Map
River Island, Wash 7.5 Minute Map
Horn Rapids Dam, Wash 7.5 Minute Map
Richland, Wash 7.5 Minute Map
Wooded Island, Wash 7.5 Minute Map
Columbia Point, Wash 7.5 Minute Map
Hanford,. Wash 7.5 Minute Map
Savage Island, Wash 7.5 Minute Map
Basin City, Wash 7.5 Minute Map
Mathews Corner, Wash 7.5 Minute Map
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REFERENCE 18

Memo to fiTe from DA Lamar, on 8-18-87, regarding Personal

Observations of Columbia River Intakes at Taylor Flats

- - and Ringold Flats
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Pacific Northwest L~aboratories
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August 18, 1987

File

0. A. Lamar

seI.A Personal Observations of
Taylor Flats and RinGQJd

Columbia River Intakes at

In observation of the Columbia River, 3 Intakes were found in the Taylor Flats
region serving as irrigation for crops and forage. In the Ringold Ranch area
there are 2 intakes that serve the region as Irrigation for crops and forage.
At the Ringold Hatchery there was observed one intake that serves for the
rearing of steelhead fingerlings.

DAL:dar
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File/LB
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REFERENCE 19

Endangered and Threatened Wildlife and Plants, 50 CFR,

Part 17, Subpart 8, October 86



§ 17.11

issued under Part 21 of this chaptert
ad

(2) Identified In the earliest applica-
ble annual report required to be filed
by a permittee under Part 21 of this
chapter as in a permittee's Paession
on November 10. 1978. or as the proge-
ny of such a raptor.

(b) This section does not apply to
any raptor Intentionally returned to
the wild.
(48 PR 31607. July 8. 19831

Subpart -Usts

SouNuC: 48 FR 34182. July 27. 1983. unies
otherwise notei

917.11 Endangered and threatened wild-
life

(a) The list In this section contains
the names of all species of wildlife
which have been determined by the
Services to be Endangered or Threat-
ened. It also contains the names of
species of wildlife treated as Endan-
gered or Threatened because they are
sufficiently similar in appearance to
Endangered or Threatened species
(see I 17.50 at seq.).

(b) The columns entitled "Common
Name," "Scientific Name." and "Verte-
brate Population Where Endangered
or Threatened" define the species of
wildlife within the meaning of the Act.
Thus, differently classified geographic
populations of the same vertebrate
subspecies or species shal be Identi-
fled by their differing geographic
boundaries, even though the other two
columns are identical. The term
"Entir" Means that an populations
throughout the present range of a ver-
tebrate species are listed. Although
common names are included. they
cannot be relied upon for identifica-
tion of any specimen, since they may
vary greatly In local usage. The Serv-
ices shall use the most recently accept-
ed scientific name. In cases in which
confusion might arise, a synonym(s)
will be provided in parentheses. The
Services shall rely to the extent practi-
cable on the International Code of Zo-
ological Nomenclature.

(c) In the "Status" column the fol-
lowing symbols are used: "E for En-
dangered. "T" for Threatened, and "E

so OR C. 1 (10-1-16 Edition)

(or TI (S/A)r for similarity of appear-
ance species,

(d) The other data In the list-are
nonrigulitory in nature and are pro-
vided for the Information of the
reader. In the annual revision and
compilation of this title. the following
information may be amended without
public notice: the spelling of species'
names. historical range, footnotes, ref-
erences to certain other applicable
portions of this title, synonyms, and
more current names. In any of these
revised entries, neither the species, as
defined In paragraph (b) of this see-
tion. nor Its status may be changed
without following the procedures of
Part 424 of this title.

(e) The "historic range" Indicates
the known general distribution of the
species or subspecies as reported In the
current scientific literature. The
present distribution may be greatly re-
duced from this historic range. This
column does not imply any limitation
on the application of the prohibitions
in the Act or Implementing rules. Such
prohibitions apply to all Individuals of
the species, wherever found.

(fM) A footnote to the Fnnta.s Rzo-
rsam publication(s) listing or reclmsi-

fying a species is indicated under the
column "When listed." Footnote num-
bers to II 17.11 and 17.12 are in the
same numerical sequence, since plants
and animals may be listed in the same
Fsnsas. Rws document. That
document. at least since 1973. Includes
a statement indicating the basis for
the listing. as well as the effective
date(s) of said listing.

(2) The "Special rules" and "Critical
habitat" columns provide a cross refer-
ence to other sections In Parts 17. 222.
226. or 227. The "Special rules"
column will also be used to cite the
special rules that describe experimen-
tal populations and determine If they
are essential or nonessential. Separate
listing will be made for experimental
populations, and the status column
will Include the following symbols:
"XE" for an essential experimental
population and "3N" for a nonessen-
tial experimental population. The
term "NA" (not applicable) appearing
in either of these two columns indi-
cates that there are no special rules
and/or critical habitat for that par-

72
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U.. Rish end Wildlife Sorv., Ifterior

ticular species. However, all other ap-
propriate rules In Parts 17. 217
through 227. and 402 still apply to
that species. In addition. there may be
other rules in this title that relate to
such wildlife. e.g. port-of-entry re-
quirements. It Is not intended that the
references In the "Special rulesC'
column list all the regulations of the
two Services which might apply to the
species or to the regulations of other
Federal agencies or State or local gov-

(g The Listing of a particular taxon
inciudes al-oer-taxonomir units. For
example, the genus Hylobates (gib-
bons) is listed as Endangered through-

§ 17.

out Its entire range (China. India. aj
SE Asia); consequently, all speci
subspecies, and populations of th
genus are considered listed as Ends
gered for the purposes of the Act.
1978 (43 FR 6230-6233) the species A
liacetus leucocepalus (bald eagle) w
listed as Threatened In "USA(
O~. wi M rzser than
entire population: thus, all IndlvIdua
of the bald eagle found in those fIt
States are considered listed as Three
ened for the purposes of the Act.

(h) The "List of Endangered az
Threatened Wildlife" is provid
below:
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ion) U.S. Fish and Wildlife Serv., Interior § 17.11

1-32 FR 4001: March 11. 1947. 103-45 FR 55654: August 20. 1980.
2-35 FR 16047: October 13. 1970. 105-45 PR 63812; September 25. 1980.
3--35 FR 8495; June 2. 1970. 106-45 PR 65132; October 1. 1980. -
4-33 FR 18320; December 2 1970. 108-G FR 3178; January 13. 1981.
5-37 PR 6476: March 30. 1972. 111-46 FR 11665: February 10. 1981.
6-38 FR 14678; June 4. 1973. 112-46 FR 40025: August S. 198L-
7-39 FR 44991: December 30. 1974- 113-46 PR 406ft August 10. 1981.
A -40 PR 2986; July 16. 1975. 114-47 FR 4204: January 28. 1982.
9-40 PR 31738: July 28. 1975. 115-47 FR 3423: February 5.199L
10--611-FR-44M,1 September 23, 1975. 117-4T PR 19M9: May 10. 1982.--11-40 FR 4441 September 2 1975 11-47 FR 31670 July 2198.
12-40 PR 47506: October 9. 1975. 123-47 PR 4301; October 4. 1982.
13-41 FR 17740; April 28. 1976. 124-47 PR 4392 October 5. 1982.
14--41 PR 22044: June 1. 1976. 124-47 ?R 46093: October 15. 1982.
1--41 PR 24064: June 14. 1978. 127-48 FR alt January 5. 1983.16-41 PR 45993: October 19. 1976. 128-48 PR 1726: January 14. 1983.
17-41 PR 1021: November 19. 1976. 129-48 FR 28458; June 22.1983.
19-41 PR 53034: December 3. 197.- 130-U FR 401St September 2. 1983.

Z= 9-4 PR3304. eceberj. ~o.131-48 PR 43043: September 21L 1983.20-42 FR 20'76; January 10. 1977. 132-48 FR 46057: October 11. 193.
21-42 FR 2968: January 14. 1977. 134-48 FR 4336: October 12. 1983.
22-42 PR 15971. March 24. 1977. 134-48 FR 44341: October 12. 1083.
23-42 FR 28137; June 2. 1917. 13- PR 46341: October 12. I .

CC 4 24-42 FR 21545: June 3. 1977. 136-48 FR 49249; October 25. 1983.
-- 42 FR 37273- July 21. 19I7 1 l05a-January 9. 198 - -
2-42 PR 40683; August It try. 13 9 FR 1998; January 17, 1984.
27-42 PR 42353: August 2, 1977. 139-49 PR 278=; January 23. 1984.
28-42 FR 4528; September 9, 1977. 142-49 FR 1335: February 28. 1984.
2-42 PR 58753: November 1L 1977. 143-49 FR 7394: February 29. 1984.
30-42 FR 6074&; November 29. 1977. 144-49 PR 7398: February 29. 1984.
31-43 FR 3715: January 27. 1978. 145-49 FR 10526; March 20. 1984.
32-43 FR 4028: January 31. 1978. 146-49 PR 1435; April 11. 1984.
33-43 FR 4621: February 3. 1978. 145-49 PR 22334; May 29, 1984.
34-43 PR 6223: February 14 1978. 150-49 PR 27514; July 5. 1964.
3-43 FR 9612 March 9. 1978. 156-49 PR 3388; August 27. 1984.
36--43 PR 12691: match 27.1978. 157-49 FR 34494; August 31. 1984.

F7-43 FR 1542=: April 13. 197. 159-49 PR 34504; August 31. 1984.
38-43 FR 1634; April 18. 1978. 160-49 PR 34510. August 31. 1984.
10-3 PR 20504: May 12. 1978. 161-49 PR 33954; September 13. 1984.
41-43 PR 28932 July 3. 178. 163-49 FR 43069 October 26. 1984.
443 FR 32508; July 28. 1978. 164-S PR 43969; November 1. 1984.
43-43 FR 3479; August 4. 1978. 166-49 PR 45163: November 15. 1984.
45-44 PR 21289; April 10. 1979. 108-43 PR 49639: December 21. 1984.
46-44 PR 2304; April 17. 1979. 169-60 FR 1056; Januaryo. 1983.
48-44 PR 29480; May 21. 1979. 170-60 FR 4226: January 30, 1985.
50-4 PR 37126; June 25 1979. 171-50 PR 494; February 4. 1985.
51-44 PR 37132: June 25. 1979. 173-80 PR 12302; March 28 1985.
52-44 FR 42911: July 20, 1979. 174-40 FR 12305; March 28. 1985.
54-41 FR 49220; August 21.1979. 181-0 PR 20715; May 20.1985.
55-44 PR 84007t September 17. 1976. 182-80 PR 21192 May 28. 1988.
60-4 PR 59084; October 12.1979. 183-0 PFR 23884; June 6. 1985.

F - FR 69208; November 30. 1979. 184-O PR 24530; June 11. 1985.
8F- PR 1067: December 7. 1979. IS-SO PR 24453; June 12 1985.
87-- PR 75076; December 18. 19179. 186-SO FR 25678; June 20. 1988.
88-45 FR 18010. March 20, 1980. 188-O FR 2657 ; June 27. 1988.
90-45 PR 21833: April 2. 1980. 189--0 FR 27002; July 1. 198.
91-45 PR 24090; April 8 1980. 193-SO PR 30198 July 24. 1985.
92-45 PR 27713 April 23 1980. 195-50 FR 3159d; August 8. 198 .
93-45 FR 2812;AprIl 30. 1980. 196-s0 PR 3160= August 5. 1985.
94-45 PR 35821 May 28. 1980. 203-O PR 37198; September 12 198.

.-45 FR 44935: July 2. 1980. 205-50 PR 39117 September 27 1985.
96-43 FR 44939; July 2.1980. 206-50 FR 3912=; September 27.1985.
97-45 PR 47332; JuLY 14. 1960. 210-50 FR 50308; December 10. 1988.
98-41 PR 47355: July 14. 1980. 211-80 PR 33; December 11, 1988.
9B-45 PR 52803: August 8. 1980. 212-80 PR 51252 December 16. 1985. -
100-45 PR 5280T: August 8. 1980. 21-81 PR6690; February 25 1986. -
102-45 PR 544M8 August 15. 1980. 222-51 FR 10850 March 31 1986.
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17.12_ 50 CFR CI. 1 (10-1-96 EditIon) u.s. Flsh

223-51 FR 10837 March 31. 198. reader. In the annual revision and such plan
224-1 FR 1864; March 31.1986. compilation of this title. the following Menta. It
227-51 FR 16047: April 30. L986. information may be amended without erences f
228-1 FR 16482: M" 2. lo. public notice: the spelling of species' s all th
23-1 FR 23781: July 1. 1986. names. historical range, foctnotU ref- ices whicl
239-51 FR 27495; July 31. 1980. erences to certain other applicable or to the
241-81 PR 31422. September 3.1986. portions of this title. synonyms. and
242-51 PR 34412; September 26. 190L more current names. In any of these
240-31 FR 34425; September 20. 1986. revised entries, neither the species. as
(48 FR 34182. JulY 27. 1983: 48 FR 34961. defined in paragraph (b) of this see-
Aug. 2. 1983. as amended at 48 PR 39943. tion, nor its status may be changed
Sept. 2. 1983 48 R 4637. Oct. 12. 1983; 48 without following the procedures of
PR 52743. Nov. 22. 1983; 49 FR 1038. Jan. 9. Part 424 of this title,
l9ft 49 7R 330&2 Aug. 27. 19843 (e) The "Historic range" indicates

ErrOhaL Noti For additional F=Z" the known general distribution of the
R s citatiosaffectng the tale i species or subspecies as reported In thei 17.11(h). we the listing which follows the cu.nt scientific lteratur The
- apresent distribution may be greatly re-

ErZWvs Dars Nor At 81 FR 34412. duced from this historic range. This
. p 2 8 tetabI 1.( column does not imply any limitation

Snta dtern" alphabetcally mder on the application of the prohibitions
Swampst and adding "Cranfiash Nab-. in the Act or implementing rules. Such

vine" alphabetically under "Crustaceans" prohibitions apply to all individuals of
iAgecmie October 27. 198. the plant species, wherever found.

(f)(1) A footnote to the FPDn . Rn-
017.12 Endangered and uestened pants. ISTRm publicaticn(s) listing or reclast-

(a) The list In this section contains tying a species is indicated under the
the names of all species of plants column "When listed." Footnote num-
which have been determined by the hers to if 17.11 and 17.12 are in the
Services to be Endangered or Threat- same numerical sequence. since plants
ened. It also contains the names of and animals may be listed in the same
species of plants treated as Endan- PFnkna REGIsTna document. That
gered or Threatened becase they are document, at least since 1973. includes
sufficiently similar in appearance to a statement indicating the basis for
Ehdangered or Threatened species the listing. as well as the effective
(see I 17.50 et seq.). date(s) of said listing.

(b) The columns entitled "Scientific (2) The "Special rules" and "Critical
name" and "Common name" define habitat" columns provide a crow refer-
the species of plant within the mean- ence to other sections in Parts 17, 222.
ing of the Act. Although common 226. or 227. The "Special rules"
names are inclrded. they cannot be column wil also be used to cite the
relied upon for identification of any special rules which describe experi-
specimen, since they may vary greatly mental populations and determine if
in local usage. The Services shall use they are essential or nonessential. Sep-

- the most recently accepted scientific arate listings will be made for experi-
name. In cases in which conf icon mental populations, and the status
might arise. a synonym(s) will be pro- column will include the following sym-
vided in parentheses. The Services bols: "Xl" for an essential experimen-
shall rely to the extent practicable on tal population and "IN" for a nones-
the International Code of Botanical sential experiaental population. The
Nomenclature. term "NA" (not applicable) appearing

(c) In the "Status" column the fol- in either of these two columns indi-
lowing symbols are used: "E" for En- cates that there are no special rules
dangered. "T" for Threatened, and "E and/or critical habitat for that par-
[or TI (S/A)" for similarity of appear- ticular species. However, all other ap-
ance species. propriate rules in Parts 17. 217

(d) The other data in the list are through 227. and 402 still apply to
nonregulatory in nature and are pro- that species. In addition. there may be
vided for the information of the other rules in this title that relate to
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U.S. Fish and Wildlife Sarv., Intrior i17.12

Ict such plants. e.g., part-of-entry reouire- agencies or State or local govern-
g ment. It is not Intended that the ref- ments.

ut erences in the "Special rules" colun (9) The listing of , Particular taxon
as'list all the regulations of the two Serv- includes all lower taxonomic units (see

!f.. Ices which might apply to the species I 17.11(g) for examples).
dle or to the regulations of other Federal (h) The "Llat of Endangered and
Id Threatened Plants" Is provided below:
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REFERENCE 20

Memo to file from KH Cramer regarding Personal Communication

with M Gillum concerning Richland City Well Data, August 6, 1987



FILE NOTE

Date: 12/23/87

By: R.D. Stenner

Re: Telephone conversation with Michael Gillum, City of Richland,
Regarding Kennewick Intertie on the Richland Water System.

The Kennewick intertie on the Richland water system is an intertie that
services both ways (i.e., Richland can receive water from Kennewick and
Kennewick can receive water from Richland).

The Kennewick system would not have the capacity to service the Richland
system as an alternate water supply. Michael said that the Kennewick
intertie is only used during problems with the system during peak irrigation
demand periods, and that the Kennewick system would not have the capacity to
serve the Richland system should something happen to cause the Richland water
system to be inoperative.

The 300 Area intertie is a one-way only intertie for the 300 Area to
receive water from Richland. The Richland system can not receive water from
the 300 Area intertie.



MEMO: To File

DATE:

FROM:

8/6/87

K. H. Cramer

SUBJECT: Personal conversation with Michael Gillum
Regard Richland City Recharge Wells and Water Supply System

There are 14 recharge wells that are within 3 miles of the Hanford Site
boundary. These wells have depths that range from 40 to 134 feet. The
recharge well system is part of the city's overall water supply system. The
recharge wells are designed to be used in conjunction with the Water Supply
holding ponds located beside the wells. The recharge well system is used
during peak water demand periods and when the Columbia River Water Pump
System is down for maintenance. The recharge system operates with water
being pumped to the holding ponds from the Columbia River. The water in the
ponds then seeps through the soil to the aquifer where it is pumped by the
recharge wells to the city's water supply system. The recharge wells are
tied into the overall water supply system, which means that the water from
the wells is mixed with the Columbia River water and distributed throughout
the city.

So? 34 ist

MICHAEL GILLUM

Wa 1t I AIsIarJ.,d W sarn
.VltK & 4"s14 qlw( har n

ill uIlti aso gla.R e g o g catfl . c e33u1.

Ref. 20.1.



CITY OF RICHLAND

MAT-R SYST= DAMN"

A. PMrLCDICN

The City of Richlard's water surply cates an two imjor scurces:

1. Water Treatrent Plant: The Water teatrent Plant uses the ''xicro-
Flx" process for water treataent (see attached flow diagram). Its
present design prtducticn capacity is 30 million gallons per day. The
plant can be ecpArd-ed to a mnxizmn production capacity of 45 MM.

2. Wells: The 18 wells are located in five well fields. The total
prdctin capacity of all the wells is 18.2 M. The North Richland
well field gr=nmdwatar is recharged artificially thraugh the use of
recnarge basins (see attachment). he wells are recharged thrcugh the
unzths of April to Nvester.

me praducrt capacities can be sunrarized as follows:

SurceI Wells Caacitv

Coltmbia Well Field 1 0.8 16=

Duxce Well Field 2 2.0 bE

North Richwrnd t-ll Field & D=5 11 11.0 D

ellsian Way Well Field 3 3.0 m=

Willcttrcdk Wefl 1 1.4 'AM

Water Treatrent Plant 30.0 MC

TOL18 - 48.2 E

B. stOPA2

The City of Richland's water system has a water storage cacacitv of 23.67 millio
gallons. The major elevated storage, a five and ten mi.lLicn gallon reservoir, is
iocated west of the Yakcma River. Mae other elevated storage consists of five
additicnal resexvnirs, with a caracitv of 4.47 millin gallcns and are also located
west of the Yakira River, sering the Sadger tIntain Area. ater fran the rmain-
Irg reservoirs is pzzed into the system by booster ptrz-,s.

Storage can be sumraxrzed as follows:

Storace CMacitv

Two (2) .ne-m 'cn gallon reseroirs (1182) 2.0 IC

Five million gallon reservoir 5.0 C

Ten millicn gallon reservoir 10.0 %*l

Water Treatrent Plant Clearwell reser-tir 2.2 %c

Tactaal I reser.voir (reservoir 11) 0.75 MZ

Tapcoal I reservoir (reservoir 42) 2.6 MC

Ta;teal II reservoir (reservfir 41) 1 0.18 %IG

Tateal II reservoir (reservnir 42) Uper Pressure 0.7 1I Zone0. c
.Crntry Ridge reservoir ] 0.24 >f

23.67. :r,

Ref. 20.2



Page 2

C. TRANCtrSSCN

All 'eter transnissicn lines, 10" or larger, are sh n on the utility map of the..
City of Richland. L'e major transmission Lines are shbwn on the attached facil-
ities lccat~in map.

a. PRSSUE ZCNE

Me City of Richland has three pressure zones:

1. Richland City cor area.

2. Badger MZuntain/Meadow Springs area (area west of Yakima River) - Tapteal
I pressure zone.

3. Badger Mmtain/Vfadow Springs area (higher elevations west of Keene Road
and portion of aills *est area) - Tapteal I pressure zone.

The Badger Mmmrntain/Yeadow Springs area water is pu-e f--= the Richland City
core pressure zone to tha higher Badger cuntain pressure zone. The bcster pump
staticn for this zone is lcxat-4 at the five and tmn million gallon reservirs-.

'LDe third pressure zone is suliad by (1) a pumping station off High Meadows
Street and currently serves the rrajcrity of hares on High Meadows Street, Hillvie
Drive and-all-hoes west of Cr-".ard Ccurt on Orchad Way and Greenview Drive, ard
(2) a p=ping station on Keene Road at Country Ridge and serves the Ccuntry Ride/

Keene Village area.

7-9-84

Ref. 20.



Attachment

NORTH RTCHLANO WELLS

North Richland Well Field

Well

3000-A

3000-8

3000-C

3000-0

3000-E

3000-H

3000-K1

3000-K

3000-L.

3000-N

3000-05

Death

88'

87'

64,

75.3'

61.8'

SG,

71'

59'

83'

40.'

134'

Duke WeT1 Field

-ell 4

1100-8

1100-0

Death

120'

86'

/
0e- 0a-

\ttit &4,p

C-

Os
0

/V St.

.

S

IV'

atereN

.So,,, es.

i

T
*1

I
4

//
/

.NreuR Rd.
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FIGUR E Mt- 4

300 Area Intertie

NORTH RICHLAND
WELL FIELD

DUKE WELL
FIELD

ATER TREATMENT PLANT

COLUMBIA WELL

C- 1182 Reservoir

WELLSIAN WAY WELLS

5/10 MG Reservoir

Country Ridge Reservo. .

Tapteal I Reservoir * q

Tri-City Estates tnterti « .. .

Knnewick Emergency
a~ Interties

Taptaal 11 Reservoir-

*-1 wrLLO1,.8ROOK WELL

CITY CF RICHLANO

WATER SYSTEM SOURCE and STORAGE FACILITIES
LOCATION MAP

Ref. 20.5
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REFERENCE 21

Draft Phase I Installation Assessment of Inactive Waste-Disoosal

Sites at Hanford, Volume 2 (HISS Database)



SITE M NO.: 216-N-1

ALIAS: 212- Sewmp, 216-N-1 Swamp. 216-N-1 Covered Pond FACILIT: Pond
STATUS: Inactive MEVATION: 567 ft
DIMESIONS: MUERABLE: 152 ft

Lergtht
Width:

500 ft
100 ft

Depth: 3 ft
Diameter: 0 ft

LCCATICN: 200 North
COORDINATES: Head: N53700/W65050 End: N34125/M5475

SITE DESCrIPCoN:

Pond, measurirg 500 ft. long x 100 ft. wide.

SEWICE DATES: 1944-1952

SERWICE HISTORY:

Fran 1944 to 1952 the site received the basin overflw from the
212-N building. The site ums retired in 1952.

REFEMENCS:
Documnts: ARH-2806, RHO-CD-673, HW-55176
Photographs: 122440-29-CN
Drawirgs: H-3-57210

9

449
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SITE M NO.: 216--1

CHECCALS DISPOSE

TOEAL VOUM DISPOS: 946000000 Liters

No chemicals discharged.

PADIzNzcLIE INVENTRY
(in curies)

H-3:
C-14:
MN-54:
CO-60:
NI-63:
KR-65:
SR-90:
Y-91: -
N-95:
ZR-95:
TC-99:
RU-103:
RU-106:
SN-113:
SB-125:
1-129:
CS-134:
CS-137:
CE-141:

0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000

CE-144:
PR-144:
PM-147:
EU-15 2:
EU-154:
Ey-155:
NP-237:
PU-238:
PU-239:
PU-240:
PU-241:
AM-241:
U-233:
U-235:
U-238:
TH-232:
BETA:
GAMIA:
ALPHA:

Although used for radioactive waste disposal, no inventory is available.

These values are decayed through April 1, 1986.

450
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0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0. Ooo0
0 .00000
0. 00000
0.00000
0.00000
0.0000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000

/-



SIIE ID NO.: 216-N-2

ALZAS: 216-N-1 Trench, 216-N-2 Trench
STATUS: Inactive
DENSICNS:

rangth: 50 ft
Width: 10 ft
Depth: 7 ft
Diamster: 0 ft

FACIlT: Crib
ELEVATICN: 578 ft
WATMCABLE: 173 ft

LCATI=CN: 200 North
C=CRnAT: N55485/W65788 (Center of crib)

SIIE DESCRInMIN:

Trench, meamring 50 ft. log :c 10 ft. wide (bottom dimnions),
with a depth of 7 ft.

SERVICE DATES: 1947-1947

SERMCZ HISTORY:

Fran 3/47 to 4/47 the aito received the basin water and sludge
cleant when it was drained for special tests. The site was
retired in 4/47 and the trench hadilled. The waste type is low
activity.

REFERE2CES:
Documents: AM-2806, RHO-CD-673, HW-5176
Photographs: 122440-30-M
Drawingn: H-3-57210

)

451
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SITE ID NO.: 216-N-2

CCALS DISPSED

TOTAL VOIDE DISPOSED: 7570000 Liters

NO chimicals discharged.

RADIONUCLIDE InVENTOEY
(In curies)

-3:
C-14:
MM-54:
CO-60:
NI-63:
KR-85:
SR-90:
Y-91:
NB-95:
ZR-95:
TC-99:
RU-103:
RU-106:
SN-113:
SB-125:
1-129:
CS-134:
CS-137:
CE-141:

0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.07540
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.08560
0.00000

CE-144:
PR-144:
PM-147:
EU-152:
EU-154:
ED-155:
NP-237:
PU-238:
PU-239:
PU-240:
PU-241:
AM-241:
U-233:
U-235:
U-238:
TH-232:
BETA:
GAM4:
ALPHA:

The values are decayed through April 1

0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.31600
0.00000
0.00000

, 1986.
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SITE M NO.: 216-N-3

ALIAS: 212-N-2 Tmrch, 212-N-3 Truuch
STAflS: Inactive
DfENSIONS:

Length: 50 ft
Width: 20 ft
Depth: 6 ft
Diianter: 0 ft

FACILT: Crib
ELVATION: 578 ft
&TERTABLE: 173 ft

tXCIN: 200 North
COORDIllATE: N55455/W5838 (Center of crib)

SI DESCPIPTIn:

Trarch. with 50 ft. long x 20 ft. wide bttou dimeia , with a
depth of 6 ft.

SERVICE DATES: 1952-1952

SERVICE HISTORY:

Fran 5/52 to 6/52 the site received basin water and sluige
clemaut fr the 212-N building when the area was shut dctn.
The site was retired in 6/52.

RUaECS:
Documents: ARH-2806, M1D-CD-673, HN-55176
Pbotograhst: 12244&-3c0-N
Drawings: H-3-57210

C

453
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SITf M NO.: 216-N-4

ALIAS: 212-P Samp, 216-N1-2. 216-N-4 SeMp
STATUS: IZActive
D1ENSICNS:

ELcqth: 500 ft
Width: 200 ft
Depth: 3 ft
Diameter: 0 ft

FACILfTY: Pond
EUvATION: 558 ft
W AEZ: 153 ft

=CATION: 200 North
C=RD E: Head: N53400/WS2600, Ed: N54300/W62700

SITE DESCRIPTICN:

Pond. with 500 ft. x 200 ft. wide bott diemirons.

SEVICE DASS: 1944-1952

SEVICE HISIORY:

From 9/44 to 6/52 the site received the basin overflow waste from
the 212-P Building.. The site wse retired in 6/52 when the 212-P
bmilding was skut dom.

REFERENCES:
Docimmnts: ARK-2806, RHD-CD-673, H-55176
Photographs: 122440-27-CN
Draw'rfts: H-3-57210

L-
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SITE NO.: 216-N-4

CMICALS DISPOSED

TOTAL VOLLME DISPOSED: 946000000 Liters

No chemicals discharged.

RADICNUCLIDE INVENTORY
(in curies)

H-3:
C-14:
M?-54:
CO-60:
NI-63:
KR-85:
SR-90:
Y-91:
NB-95:
ZR-95:
TC-99:
RU-103:
RU-106:
SN-113:
SB-125:
1-129:
CS-134:
C5-137:
CE-141:

0.00000
0. 00coO
0.00000
0.00000
0.00000
0.00000
0.07830
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.08860
0.00000

CE-144:
PR-144:
PM-147:
E0-152:
E1-154:
EU-155:
NP-237:
PU-238:
PU-239:
PU-240:
?0-241:
AM-241:
U-233:
U-235:
U-238:
TH-232:
BETA:
GAWA:
AMPHA:

These values are decayed through April 1, 1986.
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0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.05710
0.01540
0.00000
0.00000
0.00000
0.00000
0.00152
0.00000
0.31400
0.00000
0.00000



SITE M NO.: 216-N-5

ALIAS: 212-P-Trcnch, 216-N-5 Trench
STATUS: Inactive
DNhINS:

Legth: 80 ft
Width: 15 ft
Depth: 6 ft
Diameter. 0 ft

FACILITI: Crib
ElEVATICN: 575 ft
MWTEABL: 170 ft

EWCATION: 200 North
CORDMIZATES: N554CS/W63130, N55495/W63225 (Diagozally)

SITE DESCRPTwCN:

Trnch, with dmsncs of 80 ft. long x 15 ft. wide x 6 ft.
deep.

SEVC DAES: 1952-1952

SERVICE HISTCRY:

From 5/52 to 6/52 the site received the basin water and sludge
cleanout from the 212-P Basin during shutdown of the area. The
site ums retired in 6/52.

REVERENCES:
Documents: ARH-2806, RHO-CD-673, I4-55176
Photographs: 122440-28-CN
Dra'dngs: H-3-57210

9
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SITE ID NO.: 216-N-6

ALIAS: 212-R Swamp. 216-N-6 Swamp
STATUS: Inactive
DIMENSIONS:

FACILITY: PWld
ELEVATION: 557 ft
WATERTABLE: 152 ft

Lcrqjth: 500 ft
Width: 150 ft
Depth: 3 ft
Diamter: 0 ft

LOCATION: 200 North
COORDINATES: Head: N536OO/W6OO3O, End: N84350/WS0115

SITE DESCRIPTICN:

Pond. with 500 ft. lag x 150 ft. wide bottom dimnwiocs.

SERVICE DATES: 1944-1952

SERVICE HISTORY:

From 9/44 to 6/52 the site received the narmal overfleAw from the
212-R Basin. The site was retired in 6/52 wtM 212-R was
shut dcam.

REFERENJCES:-
Documents: AR-2806, RHv-D-73 HW-55176
Photographs: 122440-26-4C
Drawings: H-3-57210
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SITE ID NO.: 216-M-6

CaMICALS DISP0SD

TOTAL VOZUE DISPOSED: 946000000 Liters

No doicals discharged.

RADIONC3 E INVtENORY
(in curia)

H-3:
C-14:
MN-54:
CO-60:
NI-63:
KR-65:
SR-90:
Y-91: -
NB-95:
ZR-95:
TC-99:
RU-103:
RU-106:
SN-113:
SB-125:
1-129:
CS-134:
CS-137:
CE-141:

0.00000
0.00000
0.00000
0.00000
0.00000
0.00000-
0.07830
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.08860
0.00000

PR-144:
PM-147:
E0-152:
EU-154:
EU-155:
NP-237:
PU-238:
PU-239:
PU-240:
PU-241:
AM-241:
U-233:
U-235:
U-238:
TH-232:
BETA:
GAKL-:
AMPM:

0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.05710
0.01320
0.00000
0.00000
0.00000
0.00000
0.00152
0.00000
0.32800
0.00000
0.00000

\(

Thee valus are decayed through April 1, 1986.
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SntE M NO.: 216-N-7

ALIAS: 212-R Trench. 216-N-7 Trench
fTATUS: Iractive
DIMENSIOS:

Lwngth: 80 ft
Width: 15 ft
Depth: a ft
Diameter: 0 ft

FACILITY: Crib
UZVATION: 571 ft
-OMTABLE: 152 ft

LCCATION: 200 North
COCRDINA: N55399/W0505, N55482/W60605 (Dlaga=ly)

SITE DESCRPTIN:

Trench. with dinsians of 80 ft. long x 15 ft. wide x 6 ft.
deep.

SERVICE DATES: 19a2-1952

SERVICE HISTCRY:

From 5/52 to 6/52 the site received the begin water and slidge
clenzat waste fr 212-R Basin. The sits' vas retired in 6/52
when 212-R was shut dcsn.

FERE7MCES:
Documents: ARH-2806, M-C-673, HW-55176
Photographs: 122440-25-CM
Drawings: K-3-57210
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CSITE ID NO.: 216-N-7

CHEMCALS DISPOSE

TOTAL VOLOC DISPOM: 7570000 Liters

No diemicals discharged.

RADIOma.mz' INVDJT0Ry
(in curies)

H-3:
C-14:
M-54:
CO-SO:
NI-63:
KR-85:
SR-90:
Y-91:

ZR-95:
TC-99:
RU-103:
IW-106:
SN-113:
SD-125:
I-129:
CS-134:
CS-137:
CE-141:

0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.08520
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.09600*
0.00000

CE-144:
PR-144:
RM-147:
EU-152:
E-154:
EU-155:
NP-237:
FU-238:
PU-239:
PU-240:
PU-241:
AM-241:
U-233:
U-235:
U-238:
TH-232:
BETA:

ALPHA:

0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.35600
0.00000
0.00000

These values are decayed through April 1, 1986.
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REFERENCE 22

Hanford Ground Water Database Printouts for Wells of Concern
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PNL 1-129 RESULTS ON WELL WATER SAMPLES COLLECTED SINCE 01JAN85

ANALYSIS USER
NUMBER NUMBER

STARTED ENDED 1-129 ERROR
yrmoda yrmoda 10"-6 pCI/I (1)

89279 699 loi-48B 11 850912 16.1 6.1 #4846 WATER FOR 1129 (9,/12/85). 699 101-48B. HANFORD

89376 699 101-488 b 8605 29 43.9 4.9 #4846 WATER FOR 1129 (5/29/86), 699 191-488. HANFORD
89270 699 25-55 u 8509124 49.6 6.1 #4415 WATER FOR 1129 (9/12/85), 699 25-55, HANFORD g29
8937? 699 25-55 8605gJ 93.5 4.1 I1415 WATER FOR 1129 (5/2986). 69 2 -35. HANFORD B45
89271 699 26-15A 850912 477 763.9 7.2 #4518 WATER FOMl £29 (9/12/85), 699 26-15A ,ANFORD
89272 699 27-08 85091P\ 2078439.7 5.7 #4557 WATER FOR 1129 (9/12/85), 699 27-08, HANFORD
89341 699 27-08 v 860127 ) 2417553.3 3.7 04557 WATER FOR 1129 (1/27/86). 699 27-08. HANFORD
89273 699 32-22 8 50 9g1jZ 5577959.1 7.1 #4794 WATER FOR 1129, (9/12/85), 699 32-22, HANFORD
89379 699 32Z-j? jn . 860606 4884290.4 3.7 04794 WATER FOR 1129 (6/6/86), 699 32-22, HANFORD
89342 699 35-09 8601 214171.1 3.9 #4419 WATER FOR 1129 (1/27/86), 699 35-09, HANFORD
89168 699 35-66 850530 6965857.8 7.3 #4494 WATER FOR 1129 (5/30/85), 699 35-66, HANFORD
89167 699 35-70 - 850530 66934831.4 7.3 04441 WATER FOR 1129 (5/30/85), 699 35-70, HANFORD

843 699 35-704 (t' 8605 101823772.4 4.1 #01441 WATER FOR 1129 ( 1/27/86)._699 35-_701 HANFORD D6
89274 699 -E 85090 2257.
89301 699 37-E04 U' 860197-' 24354.6 5.6 WATER FOR 1129 (1/17/86), 699 37-E04, HANFORD
89171 699 39-39 -5 850530 223.6 88.4 #4791 WATER FOR 1129 (5/30/85), 699 39-39. HANFORD
89177 699 39-39 - 850530 292.4 7.4 RE-RUN #4791 WATER FOR 1129 (5/30/85), 699 39-39, HANFORD
89275 699 43-01 & 8509) 255174.3 5.4 94858 WATER FOR 1129 (9/10/85), 699 41-01, HANFORD
89302 699 41-1 6 860108 214289.9 5.6 WATER COLLECTED 1/8/86 FOR 1-129, 699-41-1. HANFORD
8927@ 699 41-23 6 850912\ 2941 270.8 7.1 WATER FOR 1129, (9/12/85), 699 41-23, HANFORD

89344 699 41-23 860127 472044.4 3.5 14430 WATER FOR 1129 (1/27/86). 699-41-23, HANFORD -T
89277 699 46-04 850910 92918.8 5.4 #4863 WATER FOR 1129(1710/85), 699 46-04. hANFORD
89303 699 46-041 6 8601o 139627.9 5.6 WATER FOR 1129 (1/8/86), 699 46-04, HANFORD

ft
-h

N
N

0

I'

I

COHENTS



PNL 1-129 RESULTS ON WELL WATER SAMPLES COLLECTED SINCE 01JAN85

STARTED ENDED [-129 ERROR
yrmoda yrmoda 10"-6 pCi/I (M)

89345 699 118-t? ft ?
89278 699 50-85 0 1' 85912
89346 699 50-85 0 b 8601Z
89156 DB-7/597-812 FT. £ 850425

a 89157 DB-7/597-812 FT. ' 850425
89151 R299E 17-1 5 850401
89166 R299E 17-1 1 850530
89174 R299E 17-1 '' 850621
89179 R299E 17-1 ' 850712
89210 R299E 17-1 j 850801
89216 R299E 17-1 . 850820
89281 R299E 17-1 12 850924
89284 R299E 17-1 5 851112
89297 R299E 17-1 o 860102
891511 R299E 17-9 4 850401
89165 R299E 17-9 5 850530
89175 R299E 17-9 5 850621
89211 R299E. 17-9 -3 850801
89217 R299E 17-9 5 850820
89282 R299E 17-9 6 850924
89285 R299E 17-9 S 851112
89298 R299E 17-9 Li 860102
89169 R299E 24-02 5 850530

309.8 4.0 04756 WATER FOR 1129 (1/27/86) 699 8 D 6
8.2 6.4 #4497 WATER FOR 1120 (9/12/5, 9 50-85 0, HANFORD

177.5 3.7 04497 WATER FOR 129 (1/27/86), 699-5-85 0, HANFORD
227.0 9.2 SAMP.OP85-216. DB-7 PuMP ACTUATORITONi'THRU RESIN COLUMN
343.1 9.1 SAMP.0P85-217, DB-7 PUMP ACTUATODNABTONHRU lESIN COLUMN

22528490.7 6.4 02328 WATER FOR 1129. 8299E 17-1, PWRb
14500875.9 7.3 £2328 WATER FOR 1129 (5/30/85). R299E 17-1, HANFORD
18614242.4 7.6 SPECIAL SAMPLE FOR 1129 (6/21/85). 0299E 17-1, IANFORD

23003503.4 7.2 02328 WATER FOR 1129 (7/12/85), R299E 17-1. HANrORD

33973544.3 9.3 SPECIAL SAMPLE FOR 1129 (8/1/85), R299E 17-1, HANFORD
26659261.6 7.1 SPECIAL SAMPLES FOR 1129 (8/20/85), R299E 17-1, HANFORD
24400606.8 5.7 02328 WATER FOR 1129 (.9/24/85). R299E 17-1. HANtORD
25183753.5 5.7 J2328 WATER FOR 1129 (11/12/85). R299E 17-1. HANFORD
29366888.3 5.6 WATER COLLECTED 1/2/86 FOR 1-129, R299 17-1. HANFORD

31992971.9 6.4 92514 WATER FOR 1129, R299E 17-9, HANFORD
20454961.8 7.2 02514 WATER FOR 1129 (5/30/85), R299E 17-9, HANFORD
27973693.6 7.6 SPECIAL SAMPLE FOR 1129 (6/21/85), R299E 17-9. I1ANFORD
22808393.5 7.1 SPECIAL SAMPLE FOR 1129 (8/l/85), R299E 17-9. HANFORD

32407331.6 7.2 SPECIAL SAMPLE FOR 1129 (8/20/85), R299E 17-9, HANFORD
30239431.1 5.7 02514 WATER FOR 1129 (9/24/85), R299E 17-9. HANFORD
26123892.1 5.7 02514 WATER FOR £129 (11/12/85). R299E 17-9, HANFORD

31637015.7 5.7 WATER COLLECTED 1/2/86 FOR 1-129, R299E 17-9. HANFORD
10575585.2 7.3 02329 WATER FOR 1129 (5/30/85), R299E 24-02, HANFORD
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BNWL-SA-4478

1 2 9  60 Co and 1 0 6 Ru Measurements on
Water Samples from the Hanford Project Environs

F. P. Brauer and H. G.Rieck, Jr.

ABST!ACT

Groundwater flow and contamination patterns beneath

the Hanford project reservation have been studied since

the early days of the project. The measurement of radio-

active materials at concentrations much below those required

for radiation protection are useful for tracing groundwater

movement and detection of potential contamination problems

before they are apt to occur.

Groundwater samples from a number of wells on or near

the Hanford reservation have been analyzed for 129 by

neutron activation analysis and for gama radioactivity by

low-level coincidence gamna-ray spectrometry. The major

radionuclides in addition to natural radioactivity detected

in the underground waters by gamma-ray spectrometry were
106 6 0 Co. Local river and rain water samples were

also analyzed for 129 and long-lived radionuclides.

Special sample collection methods were developed to

prevent contamination of the water samples during col-

lection. Anions travel farther than cations in under-

ground water systems since soils are primarily cation

exchangers and retain the cations. Anion exchange tech-

niques were used in the field and the laboratory to recover

the desired radionuclides. Sample sizes ranged up to

several thousand liters.

This paper discusses the sample collection methods,

analysis methods, and results obtained. The methods

used were found to provide high sensitivity for ground-

water studies.

i
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129: 6 0 Co and 10 6 Ru Measurements on

Water Samples from the Hanford Project Environs

F. P. Brauer and H. G. Rieck, Jr.

INTMODUCTION

Groundwater flow and contamination patterns beneath the

Hanford project have been studied since the early days of

the project. A large number of wells are available on the

Hanford reservation for sampling of the groundwater. II Routine

surveillance data on the status of groundwater, contamination .
resulting from disposal of Hanford plant effluents are reported

periodically.(2) Analyses used for routine surveillance of

radioactivity include total-beta and tritium determinations.

The analytical methods selected have generally been limited to

those required to assure that concentrations of radioactivity in

groundwater is safe for human consumption although the ground-
water on the Hanford Reservation is not used as potable water

supplies.

The measurement of radioactive nuclides at concentrations

much below those required for radiation protection are useful for

tracing the rate and direction of groundwater movement and de-

tection of possible contamination problems before they reach signi-

ficant levels. One method for improving the detection sensitivity

is by the analysis of larger samples. The usefulness of total-beta

measurements on large samples is limited by the natural radioactivity

and salt content atke-samples,- Isotopic concentration-of-tritium

from large water samples is difficult and expensive. Other

radiochemical analysis methods are available for the analysis

of groundwater tracers and are discussed below.

Since radionuclide retention- by soil is primarily a cation

absorntion process, anionic radionuclides serve as better

grouhdwater tracers. Fission product iodine should serve as

a good tracer for following the movement of groundwaters. The

only fission product iodine isotope with a sufficiently long

half-life for hydrologic studies is 129I. The long (1.6xlO-

year) half-life and low specific activity (370 dpm per micro-

-I-
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During the period of time since 1962 different well-sampling

methods have been employed. Exact sampling conditions were not

recorded for most of the pre-1968 well samples. Clean sample

containers were supplied by the laboratory prior to collection

of some of these samples. Some of the wells were sampled by

using a bucket on a rope to lift water to the surface. Repeated

sampling was required to obtain several liters of water.

The extent to which care was taken to prevent contamination

of the pre-1968 samples by the sampling equipment or surface

soil is uncertain.

- - -Starting in 1968 the sample collections were conducted by

members of the laboratory staff to assure that adequate pre-

cautions were taken to prevent contamination of the samples.

Thorough flushing of pumps, hoses, pipes, and sample containers

was done before sampling. Either new sample containers or

used sample containers of known history have been used. Offsite

.wells were sampled by means of the pumping facilities located

at the wells. Most Hanford project wells do not contain pumps

and several pumping systems have been employed.

Early 1971 sampling by pumping was done with a submersible

pump which was lowered into the-well on a 1/4" diameter steel

cable. Power to the pump was supplied by an electrical cable

and water was delivered to the surface through a 3/4" diameter

polyethylene tube. The support-power cable and tubing bundle

was washed with demineralized water just outside the well as

the unit was being lowered into the well. Normally, the pump

was lowered to a point 5 to 10 feet below the static water

level. Sampling a well involved pumping for a 30-minute interval

to flush the well, then collecting samples in two 13-gallon

plastic carboys. After simpling was completed, the system was

removed from the well and moved to another location. During

the implacement in the well of the pump and tubing bundle it was

necessary to drag the whole assembly across the ground surface

as the unit was being lowered. Consequently, even with the

washing operation being performed, the possibility of surface

contamination being introduced into the well.could not be ignored.

Tha problems of possible introduction of surface contamination

by installation of the pumping system and of cross contamination

-3-
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with a cheesecloth soaked in demineralized water as it was being

lowered into the well.

The inner pipe was next implaced inside the outer pipe. The

venturi-jet assembly was attached to a 21-foot section of 1"

diameter PVC pipe with a combination of steel and PVC plastic

_ittings. _This section-was then -lowered - with washing, - inside

the outer pipe. After securely clamping the top end, another

21-foot section was attached with a 1" diameter coupling. PVC

cement was used and after a suitable curing time this additional

section was lowered. The procedure was continued until the

venturi-jet assembly was positioned in the 5-foot section of

schedule 40 outer pipe. The section of schedule 40 pipe was

required for a positive seal between the inner and outer pipe

by the leather packer on the venturi-jet assembly.

A casing adapter was installed at the top of the well. The

pressure and suction lines from the adapter were connected to

the pump with unions to permit easy attachment and removal of

the pump. A steel can was inverted over the well casing to

prevent entry of surface contamination.

A well VJas sampled by the following technique. After the pump

was attached- to the unions, the system was primed or filled with

demineralized water. The pump was then operated for 30 minutes

at maximum flow ('10 GPM) until the pump outlet-water cleared.

Two 13-gallon plastic carboy samples were then collected. The

pump was then disconnected and moved to the next location. A

typical pumping installation is shown in Figure 1.

in S wells, the casing size is 1-1/2" diameter and would not

accommodate the standard submersible pump or venturi-jet assembly.

An air-lift pumping system was permanently installed in each well.

The air-lift system was assembled by inserting 1/2" diameter into

I." diameter polyethylene tubing. The inner surface of the outer.

tube was cleaned by pushing a demineralized water soaked cheese-

cloth plug through the tube ahead of the inner tube. The top end

of the system was fitted with a specially fabricated adapter which

allows introduction of hitrogen (under pressure) into the annulus

between the inner and outer tube. The assembly was lowered into

the well to a position where the lower end of the outer tube is

-5-
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GMM-RAY SPECTROMETRY

Radioactivity in natural water samples generally requires
concentration prior to gasna-ray spectrometry measurements.
The water samples were concentrated by boiling to reduce the

sample volume from as much as 26 liters to less than 0.1 liter.

Cleanroom laboratories were used to avoid contamination of the

sample with fallout and other environmental radioactivity. New
laboratory glassware was used for boiling each sample. The
Columbia River samples collected downstream from the reactor
areas were processed in separate laboratory facilities to prevent

cross contamination of low-level water samples. The residual
water and salts remaining after boiling were mounted in plastic
containers approximately 0.5-inches thick and S-inches in dia-
meter for counting. Dowex-l rather than boiling was used for
concentration of radioactive anions from some of the large
volume water samples.

The radioactive nuclides concentrated in the water and salts
remaining after boiling or absorbed on ion exchange resins were
identified and measured by low-level gamma-amma coincidence
spectrometry. (6,7,8,10) Most of the samples were counted with
a -two-parameter gamma spectrometer consisting of a pair of 6-
inch diameter by 5-inch thick Nal(TI) detectors. The Nal(Tl)
detectors each were shielded with Nal light pipes from the
radioactivity in the photomultiplier tubes. The detectors
were contained in a long plastic anticoincidence shield which

reduces both the system background and Compton continuum. (6)

The detector system is shown in Figure 4. Figure 5 shows the
positions of various radionuclides in the multiplexed two-

parameter gamma-ray spectrometer array. Counting times as
long as 5000 minutes were used with the lowest activity samples.
Computer techniques were used to process the spectral data.
Smaller sample sizes and less sensitive spectrometers were
used to analyze the samples collected prior to 1966.

Several of the more radioactive samles were also measured
with a high-efficiency Ge (Li) spectrometer to confirm the
Nal(Tl) results.

-7-
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and comparator standards during irradiation were estimated by

gamma-ray spectrometry using several spectra to obtain half-

life information. The low-level, beta-gated, multiple-gamma

coincidence spectrometry techniques described in references (6,

13,14,15) were used when required to measure very small amounts

of 130I and 125I. A high sensitivity multiple coincidence

gaina-ray detector system used for 1I measurements is shown

in Figure 7. The backgrounds achieved with this detector

operated in several multiple coincidence modes are shown in

Figure 8 and tabulated in Table I. 130Z decays with the emission

of three or four coincident gamma-rays as seen in its decay

scheme (Figure 9). 130I spectra recorded with the multiple
coincidence gamma-ray spectrometer are shown on Figure 10.

Figures 11 and 12 show similar spectra for the 135I and 126

activities frequently also present in an irradiated iodine

sample as a result of the fission of trace impurities and the
127I (n,2n) 126I reaction. Discrimination against 135I and 126,.

when counting 130I can be achieved by Y-Y-Y and Y-Y-Y-Y
coincidence counting. The components in the time dependent

spectra resulting from the measurements on a single sample are

calculated using a weighted least squares method. (15) The data

handling programs outlined in reference (9) were used for cal-

culation of analytical results and preparation of final data

tabulations.

EXPERLMENTS

The radionuclides detected by gamma-ray spectrometry in Hanford

reservation groundwaters were 60 106Ru, and the natural radio-

active nuclides. Several well-water samples collected close

to the Columbia River also contained radionuclides characteristic

of Hanford reactor effluent.

The results of several sampling and method studies are listed

on Table II for the nuclides 6 0 Co 1 0 6 au, and .297 T Fractions .o

rain, river, and well-water samples were analyzed in the laboratory
collection of the radionuclides on Dowex-l columns and by evapora-

tion. Comparison of the results as shown on Table II confirm
that the primary species of 60Co and 10 6 Ru in well-waters are

-9-
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are sumarized on Table III. The Hanford-area rain-water 129

results clearly show potential for contamination of well waters.

Columbia River water collected upstream and downstream from the

Hanford project yielded results that are essentially all the same

and substantially lower than local rain except for the 6 0Co in

the downstream Columbia River. The 60Co concentration is de-

creasing since reactor coolant is no longer discharged to the

Columbia River. No significant increase was observed in the

129: concentration in the downstream Columbia River water as

the result of Hanford activities. The river-.water results can

be used to establish the maximum radionuclide levels expected

in well samples as the result of the entrance of river water

into the ground water system.

The background well-water 129: analyses and distilled-water

129I analyses were positive when-correcta& for our- bes-t estimates

of the laboratory blank. These results are very close to the

detection limit for 129: and may be the result of an unknown

analysis artifact or may represent an approximate value for

the 1291 content of the samples.

1962-1968 Samoles

The 129: concentration values (atoms/liter) observed in water

from the wells sampled between 1962 and 1968 have been located on

a map of the Hanford Area (Figure 13). When samples from several

piezometer tubes in the same well were analyzed, the maximum

observed 1291--concentration was plotted. Many of the water samples

were found to contain much more 129I than was found in the river-

water and background-area well-waters. The largest concentrations

were observed in water from the 200W and 200 Area wells. 129Z

concentrations observed in most Hanford project well-waters

analyzed were significantly higher.than the values observed for

the Columbia River.

--11-
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1 2 9 I, especially well 699-35-9. This suggests a possible

increase in groundwater flow in an easterly direction.
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TABLE I

BACKGROUND MEASUREMENTS ON SEGMENTED NII) DETECTOR

NUMBER OF NaI(TI) SEGMENTS DETECTING AN EVENT
ANTI-

COINCIDENCE
SHIELD

NONE

NONE

OFF

OFF

ON

ON

1BETA
GATE

OFF

ON

OFF

ON

OFF

ON

2 3 4

COUNT RATES, 0.1-4.0 MeV (CPM)

830

1.0

740

0.75

416

0.69

180

0.18

125

0.16

40

0.14

23 2.2

0.053 0.005

13

0.024

3.2

1.5

0.002

0.54

0.018 0.001
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TABLE III

SUMMARY OF RAIN, RIVER AND WELL-WATER CONCENTRATIONS,

SAMPLES COLLECTED 1962 to 1972

Hanford Area Rain

Upstream Columbia River

Downstream Columbia River

Snake River

Yakima River

Artesian Well 699-53-103

Washington, 0. C. Well

Troutdale, Oregon Well

Thousand Springs, Idaho Well

Distilled Laboratory Water

-Hanford Separations--Area Wells

Hanford Reservation Wells near River

Concentration Ranges

129:

(atoms/liter)

0.02-x 3 1

1-Sx109

1-2x.9

1-2x10 9

1-2x.0 9

0.6-6x10
2-9xlO

5x108

2x10

3-7x0 7

,.l0 17

3x10 -10 12

(pCi/1)

0.01-0.2

< .01

.007-.6

< .005

< .003

< .004

* .0003
< .007

.001-0.3

0 use

(pci/i)
.5-10.

.2-.4

.004-2.

.1-.3

'.4

,.3

<.06

<.03

O .-2,O00,000.

.001-37.
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DIAGRAM OF ION EXCHANGE FILTER SYSTEM
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PURIFICATION OF URANIUM 3Y 13MK
(HEXONE) EXTRACTION

Principles and Limitations

Uranium, as tetrapropylammonium uranyl trinitrate, is
extracted from an acidic solution of acid deficient aluminum
nitrate and tetrapropylammonium hydroxide with isobutylmethyl
ketone (ClMK). Less than 1% of the one-year-cooled fission
products are extracted. Most anions, with the exception of
tungstate and ferrocyanide in high mole ratios to uranium do
not affect the extraction. Americium, curium, and neptunium
do not extract to any appreciable extent, whereas plutonium as
Pu(VI) will extract. The Uranium is recovered by back
extraction into water while evaporating the ketone. Chemical
recoveries are determined using standard uranium or U-232
yield monitors.

Literature References

Booman, C. L., and Rain, J. E., "Uranium,"* Treatise on
Analytical Chemistry, edited by I. M. Kolthoff and P. J.
Elving, Part II, Volume 9, Inter-Science Publishers, New York,
1962, pp 1-188.

Maack, W. J., Booman, G. L., Elliott, M. C., and Rein, J. E.,
"Separation of Uranium from Diverse Ions," Anal. Chem., Volume
30. 1958, p 1902.

Nietzel, 0. A. and do Sesa, M. A., "Spectrophotometric
Determination of Uranium with Thiocyanate," Anal. Chem., 29,
1957, p. 756.

Reagents

All reagents are prepared from analytical reagent grade
chemicals. Class 1 0.1. water is used throughout this proce-
dure.

16M HNO 3 - stock reagent.

30% Hydrogen peroxide.

10% Tetrapropylammonium hydroxide.

2M HNO 3 - Pour 125 mL of 1M HNO 3 into D.I. water and dilute
to I liter.

DR2:[7,7146 Ref. 24.1
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Isobutylmethyl ketone - stock reagent. Also called hexone and
IBMK.

Ruthenium Dye - 2 grams ruthenium trichloride hydrate
dissolved and diluted to I liter with 0. I. water.

2.8M Al(NO 3 )3 Salting Solution, IM Acid Deficient:

I. Place 1050 grams (2.31 lb) AI(NO3)3-9H20 into a 2
liter beaker.

2. Dilute to 900 mL with 0. I. Water. Warm until
dissolved.

3. Add 67.5 mL of concentrated NH 40H (ammonium
hydroxide) and stir for several minutes until the
hydroxide precipitate dissolves.

4. Cool to less than S0 degrees C and dildte
approximately to the I liter mark with 0. 1. water.

S. Remove any uqranium contamination by placing the
salting solution in a 2 liter separatory funnel,
adding about 200 mL of IBMK and shaking manually for
5 minutes. Drain the salting solution back in the 2
liter beaker. Drain the IBMK to a 400 mL beaker
containing 25 mL 0.I. water.

6. Check the solution for uranium contamination by
evaporating the IBMK to dryness. Plate on 1 1/2"
dish and count 50 minutes for possible alpha
contamination. After reviewing the data, your
supervisor will determine whether the salting
solution is ready for use or if it is necessary to
repeat step 5. A count rate less than ten times the
background would indicate further decontamination of
the salting solution unnecessary. This is based on
a 90% decontamination efficiency.

7. Add 10 mL of tetrapropylammonium hydroxide and stir
until dissolution is complete.

Equioment and Materials.

8 position stirring unit

1 1,12 or ichmaneicstr ar

beakers; 50, 100 or 250-mL

DR2:[7,71146 Ref. 24.2
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heat lamp

Two liter beaker and separatory funnel for reagent
purification

Procedure

*Refor to procedure 30-BA-SP for Bicassay Samples or 30-ENV-SP
for Environmental Samples for the appropriate bioassay or
environmental sample preparation procedure.

1. Boil the solution from a sample preparation procedure to
near dryness or until solids start forming. If the
sample becomes dry or solidified, add I mL (or more as
necessary) of 2M HNO3 .

2. Add 10 mL of Al(NO 3 )2 salting solution for edch 1-2 mL of
sample. The salts from 100 mL of urine can be
dissolved/suspended in about 1 mL of 2M HNOj. Example:
Sample volume is -3 mL. Use 20 ML of Al(NO 3 )2 salting
solution.

3. Add 1 mL ruthenium dye and one teflon coated magnetic
stirring bar.

KEY POINT: The ruthenium dye assists in determining
phase separation. Ruthenium remains in the
aqueous phase (lower layer) and is black in
color. The organic (upper layer) phase
should be colorless.

4. Add 10 mL of IBMK (hexone) and stir for five minutes on a
magnetic stirrer.

5. Remove the beaker from the stirrer and allow the phases
to separate.

KEY POINT: If the phases won't separate within 10
minutes, separation can be achieved by
centrifuging.

6. Carefully pour most of the IBMK (upper layer) into a
labeled 50 mL beaker. At least 90% of IBmK can be poured
off in this way.

KEY POINT: If any bottom layer goes into the 50 mL
beaker, remove it with a pipet and transfer
to the original beaker, or recombine the
layers and try the separation again.

7. Add a second 10 mL of 1BMK and stir for 2-3 minutes.

OR2:7,71]146 Ref. 24.3
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Repeat steps 5 and 6, combining with the first IBMK.

a. Place the 50 ML beakers under a heat lamp in the order of

increasing sample identification number and fill each
beaker to the 40 mL mark with 0. I. water. Evaporate to
dryness.

KEY POINT: 1. Arranging the beakers in order will avoid
any error in case the IBMK removes any
identification from the beaker.

2. Water helps to control the temperature.
IBMK can boil under heat lamp
temperatures. When this happens, the
sample will turn yellow in color and dry
to a dark residue. Wet-ash with a few mL
16M H1403-and--a--few--drops-o-- 30% H2 03-

9. Depending on the type of uranium analysis rgquested on
the sample, proceed to one of the following three
procedures:

a) Only Uranium Isotopic is Requested - Proceed to the
Electrodeposition Procedure, 30-ED-02.

b) Only Natural Uranium requested - Proceed to
"Fluorometic Determination of Uranium," 20-U-03 or
"Determination of Uranium by Kinetic Phosphorescence
Analysis", 20-0-05.

L A S T P A G E

APPROVED FOR USE

DRZ:7,71146
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FLUOROMETRIC DETERMINATION OF URANIUM
FOLLOWING PURIFICATION

Principles and Limitations

The residue from the Uranium Purification Procedures
(20-u-01) or (20-U-02) is dissolved for fluorometric
determination of total uranium. The method involves fusion of
the sample in a sodium and lithium fluoride flux at 17500F and
measurement of the yellow-green uranium fluorescence using a
fluorophotometer. To adjust for interferences and to quantify
the sample reading, a known amount of natural uranium is added
to a duplicate aliquot and measured similarly. The
fluorometric method can be affected by sample matrix
interferences such as quenching agents (i.e., iron) and
fluorescent agents (i.e. organics).

Literature References

Booman, G.L. and Rein, J.E., "Uranium", Treatise on Analytical
Chemistry, edited by I.M. Kolthoff and P.J. Elving, Part II.
Vol. 9, Interscience Publishers, New York, 1962, pp. 1-188.

Reagents

ZM HNO 3

Flux for Fluorometric Uranium Determination

I. .Add 9.1 g fluorometric grade lithium fluoride to a I
pound (454g) bottle of fluorometric grade sodium
fluoride. Seal the bottle and mix overnight on a rolling
mixer.

2. Check the prepared flux by fusing 5 blanks and S spikes
containing known quantities of uranium and read on a
fluorometer prior to use.

3. Spikes should read within 10% of normal values. Blanks
are expected to read less than 0.0050.

Equioment and Materials

Beakers, l-L and 250-mL
Covered metal racks for holding platinum dishes
Platinum dishes

DR2:[7,73147 Ref. 24.5 ;
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Pipet - 100 uL, 200 uL
Pipet tips
Pelletizer
Fused-pellet fluarometric equipment

Calculations - Uranium Radiometric Yield

dpc - counting efficiency as disintegration per count

Y a sample yield - (cpm)(dpc)/(dpm uranium added to the
spike sample)

Calculations - Uranium Tluorometric

SAM - Sample reading

BL - - Blank reading

SP- Spike plus sample reading

SPC a Spike value in micrograms per ML

Y - Radiometric spike yield. Use Y - 1.0 if result is
not to be yield corrected

V. - Total sample volume

VA - Sample volume analyzed

VR - Volume of 2M HN03 to dissolve residue (step 1). Use
4 mL for DOE bioassay samples, 10 mL for all others.

V - Aliquot of VR

SAM - 3L SPC (0.05 mL) VR VT
x --------------x----------x------- - ug U/sample

SP -SAM Y V VA

This calculation may be used for solid sample by dividing by
sample weigh", in grams.

Section A: Quality Control

1. Quality control checks are to be performed every day that
samples are to be analyzed by the fluorometric procedure.

2. Set- up the platinum dishes on a covered metal rack,
placing 4 low-level dishes and 3 spike dishes in two

ZR2:(7,71147 Ref. 24.6
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separate rows.

KEY POINT: The extra low-level dish is for the blank
sample. The spike dishes should be in the
front row. The rows are separated to
minimize cross-contamination.

3. Add exactly 100 uL (microliters) of QC *1 to a low-level
dish and to the spike dish.

4. Repeat Step $3 for OC *2 and QC *3 spikes.

S. Add exactly 50 uL of natural uranium standard to each
spike dish.

6. Add 100 uL of 2M HNO 3 to every dish.

7. Place the rack supporting the samples under a heat lamp.

8. Prepare a Fluorometric Analysis Sheet as shown in
Procedure *60-23-01 and below:

Sample vol. 100 uL
Spike vol. 50 uL
Spike conc. (value on bottle)
Fusion time 3 minutes

9. Remove the QC rack from under the heat lamp when the
dishes are dry. After the QC samples are measured take
the data to your supervisor for evaluation. Go to
Section C, Fluorometric Analysis.

Section 3: Samole Dissolution and Uranium Radiometric Yield

I. To the residue from a uranium purification procedure, add
exactly 10 mL (4 mL for DOE bioassay samples) of 2M HNO3.
Swirl to effect dissolution.

NOTE: If the results are to be yield-corrected, go to
step 2. If not proceed to Section C.

2. Transfer exactly I mL to a previously labeled 1.5 inzh
s.s. planchet and dry under a heat lamp. Go to Section
C, Fluorometric Analysis.

3. Count the planchet for 50 minutes with an alpha pro-
portional counter to determine the U-232 tracer yield.

Ref. 24.7 -DRZ:(7,71147
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Section C: Fluorometric Analysis

1. Analyze Hanford DOE and RMI urine samples in duplicate
(two spike dishes and two low-level dishes for each
sample). Others: one spike, one low-level dish per
sample.

2. Set up platinum dishes for the samples on a rack. Place
a corresponding spike dish in front of each low-level
dish. Add one extra low-level dish for the blank after
each set of four samples.

3. Pipet 50 uL of uranium standard containing about 10
micrograms uranium per milliliter into each spike dish.

4. Swirl the sample solutions well and pipet 20d uL (100 uL
for ERA samples) into each set of spike and non-spike
dishes per sample. Maintain identification by a mapped
arrangement.

5. Place the sample rack under a heat lamp and slowly take
all dishes to dryness.

6. Prepare to fuse- the samples on the fusion wheel as
follows:

a. Turn on the air purifier.
b. Turn on the burner exhaust fan.
c. Open the air valve.
d. Open the gas tank valve several turns.
e. Light the burners.
f. Adjust the burners to obtain the desired flame.

7. Place a Nar-LiF flux pellet on each dish.

S. Place the dishes on the fusion wheel in a sample-spike,
sample-spike order, and set the timer for three minutes.
The fusion temperature is regulated between 1750 and 1780
degrees F. Each sample is fused twice. Retain dish
identification by maintaining a consistent order
throughout the fusing and reading process.

9. While the samples are tusing, set up the fluorometar as
follows:

a. Open the light shutter, which is kept closed when not
measuring samples.

b. Set the reading at zero on all scales.

c. Set the *8 position standard to read 3.

DR2:17,71l47 Ref. 24.8
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KEY POINT: It is necessary to push the middle button on
the digital readout if "OL" appears on the
display.

d. The #9 position standard should read less than .0025.
If it is above .0025, the fluorometer may need
service. Consult your supervisor.

a. Recheck the zero.

10. Remove the samples to the metal racks after they have
cooled from the second fusion.

11. Prepare the analysis sheet by recording the sample
number, volume of sample analyzed, volume of 'uranium
spike used, strength of uranium spike initia'ls of
technician, date of analysts and any other comments
pertinent to the analysis. See section 60-23 for
instructions.

12. Transfer each sample to the platinum dish holder in the
fluorometer, close the cover, move sample into position,
and record the dial reading on the analysis sheet.

13. After reading the sample, remove the platinum dish from
the fluorometer, discard the pellet, and place the

-- platinum dishes in its appropriate "low-level" or "spike*
beaker.

-14m -- dd-about ZOO Mt Of -IM-1N03-to each- -liter beaker
containing the platinum dishes. Place on an oscillating
hot plate and boil for about I hour. Remove and allow to
cool. Decant the HNO 3 acid to a cup sink with running
water. Rinse with 0.1. water liberally and decant to the
sink.

KEY POINT: Allow the tap water to run in the sink for
at least five minutes to dilute the acid.

15. Repeat step 11.

16. Add about 200 mL of D.I. water to each beaker and place
on hot plate again and allow to boil for 30 minutes.
Decant D.I. water and rinse twice with D.I. water.
Remove as much water as possible and transfer dishes to
250 mL beakers labeled appropriately. the platinum
dishes are now ready for re-use.

DR2:{7,7]147 Ref. 24.9
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L A S T P A G E

APPROVED FOR USE
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OETERMINATION OF TRITIUM IN WATER SAMPLES

Principles and Limitations

Tritium in water is measured by a direct count of the
distilled sample using a liquid scintillation spectrometer.
After distillation, a sample of 5 milliliters is pipetted into
13 milliliters of scintillator solution. The mixture is
transferred to the refrigerated sample changer of the liquid
scintillation counter and is allowed to remain there for - 24
hours before counting is begun. This waiting period allows
temperature equilibrium to be reached and the decay of
chemiluminescence within the plastic vials. The counting
efficiency of each sample including corrections fdr quenching,
is determined by using the external standard technique. A
quench curve is obtained by counting samples with known
amounts of tritium and varying amounts of quenching material.
The degree__o__quenchin-_is _determined using An external
radioactive source and this is correlated with the counting
efficiency of the appropriate standard. When a sample is
counted, the liquid scintillation counter determines the
sample's quench parameter and compares it to the quench curve
to obtain the counting efficiency.

Literature Reference

Florkowski and Williams, "Liquid Scintillation Counting of
Tritium in Water with Triton Emulsion Systems", Int. J.
Applied Radiation Isotoce, 19, p. 377, (1968).

Standard Test Method for Tritium in Water, ASTM 02476-SI.

United States Testing Company, Inc., Computer Calculation
Program REES Manual.

Equipment and Materials

Boiling flask, 500 mL

Condensing column

Heating mantle - six position - currently using one manu-
factured by Glas-Col Company

Spatula

Beaker (50 mL)

Polyethylene bottle (100 mL)
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Automatic pipet - 5 mL adjustable with disposable tip

Plastic scintillation vials - 25 mL size to fit LSC sample
changer

Automatic dispenser - one liter capacity with 1-20 mL
dispenser

Reagents

"Dead" water, water which contains little or not tritium.

Hydrochloric Acid, concentrated.

Potassium hydroxide, pellets

Liquid Scintillation cocktail - A. R. Grade - Reidy-Solv MP, a
solution prepared by Beckman, is currently being used

Calculations

Type OAT to calculate the tritium concentration in water
and the total propagated uncertainty. For samples whose
results require immedia'te reporting, the activity
concentration and the counting uncertainty may be manually
calculated using the equations below:

A - K (C - 8c)

CU - +_ K x [21 SCR (C/Tc + Bc/Tb)

where:

A - activity in pCi/L.

K - 1000/(2.22 (E) V (Y)).

CU - two sigma counting uncertainty in pCi/L.

C_ ___-_ _gross counts per minute in the tritium region of
interest (Rol).

Tc - sample count length in minutes.

Be - background counts per minute in the tritium ROl.

Tb . background count length in minutes.

1000 - mL per L.

DR2:(7,61132 Ref. 25.2
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2.22 - disintegrations per minute per picocurie.

E - counting efficiency using a tritium radionuclide
standard.

V - sample volume in mL.

Y - chemical yield.

SCR - square root

Note that the above equation for the counting uncertainty

represents only the uncertainty from counting statistics,
while the computer program calculates the total propagated

uncertainty.

Procedure

1. For samples requesting a tritium analysis, save about 500

mL in a sample container. (The sample may be composited
for a month or quarter) Take the same volume of sample
and measure accurately when compositing.

2- Transfer 250 mL to a boiling flask. Add 1 to 2 grams of
potassium hydroxide (I to 2 pellets) and a boiling chip.
Prepare spikes and blanks in accordance with Table 1 of
30-ENV-SP.

3. The boiling flask and condensers are pro-connected on a
six position heating unit. Use a 50 mL beaker for the
collection vessel.

KEY POINT: Be sure that cold water is running through
the condenser column from bottom to top.

4. Turn on the heating mantle and set the timer for 35
minutes, adjust the temperature so that the sample is
boiling lightly. After the sample has boiled for a
little while, check the beaker. If the distillate volume
is 10 mL, remove and immediately replace with a poly
bottle. This takes about 15 minutes. Collect about 25
mL of the distillate for the analysis. This takes about
20 minutes.

5. When the sample distillation. is finished, allow the
glassware to cool and drain the remainder of the sample
to waste. Clean the equipment for the next sample by
rinsing with concentrated HC, liberal amounts of 0.I. -

water and finally with "dead" water.

6. write the sample identification number on the cap of the

DR2:[7,61132 Ref. 25.3 -
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scintillation counting vial. Transfer 5 mL of the sample
plus 15 mL of scintillation solution to the counting
vial. For higher level samples add I mL of sample and 4

mL of "dead" water. Cap the samples and mix well by
shaking vigorously. A blank is made with "dead" water.
A spike is made by adding prepared calibrated H-3 spike
(vial code EQM) to a vial containing liquid scintillation
cocktail.

KEY POINT: Do not prepare samples in the cassette.
Spilled scintillation solution can destroy
them.

7. Clean the vial with a Kimwipe just before loading it into
the cassette. The temperature of the liquid scintilla-
tion spectrometer is about 500r.

8. Load the blank in position one, spike (if any) in
position -two, followed by the samples.

9. Prepare a Tritium Counting Request Card as described in
60-21-01 and indicate the location of each sample in the
cassette. There are 10 positions in each cassette,
numbered one through ten. If more than one cassette is
used for a batch of samples, the position numbers for
samples in the second cassette begin with 11.

Counting times:

Low level water 150 minutes

Enriched tritium 3 x 150 minutes

Fruit 150 minutes

Silica Gel (Air) 150 minutes

Milk 150 minutes

Ground water 100 minutes

Intermediate level 50 minutes

10.' Transfer.the cassettes with scintillation vials and the
request ticket to the counting room for liquid
scintillation counting. The cassettes are loaded into
the Liquid Scintillation counter and the appropriate
program is chosen for counting.

11. The samples are kept in the liquid scintillation counter

DR2:(7,6113Z Ref. 25.4



20-H-03-05
Rev. No. 2, 1/86
UST-RD-PM-9-80

about one day before counting is begun. This provides
time for fluorescence and any other excitation to decay.

12. After counting, remove the samples from the liquid
scintillation counter and transfer to storage. submit
all data, along with the Liquid Scintillation Request
Card, to the data handler.

L A S T P A G E
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ANALYTICAL GROUP CODE: 730,731

VOLATILE ORGANIC ANALYSIS, METHOD 8240

TAB V

(1) Volatile organic compounds are determined by CC/MS. The
compounds are introduced into the CC/MS by a Purge and Trap
device according to Method 5030.

(2) The Mass Spectrometer is tuned to meet the Ion Abundance
Criteria as outlined in Table 2 of method 8240, by direct
injection of 50 ng of Bromoflourobenzene (813) followed by
software or hardware tuning as may be required. Tuning
verification is demonstrated at the beginning of every
12-hour work shift by additional injections of 50 ng of
Bra.

(3) Samples with high levels of volatiles, oils, or other
compounds that have a high potential for contaminating the
system are diluted prior to analysis. It is important to
note that this dilution procedure will raise the detection
limit of the analytes.

(4) A system blank is run prior to the analysis of any
standards.

(5) An initial 5 point calibration for each analyte in the
"target" list is made prior to the injection of any
samples, blanks, or associated OA/OC samples. Response
factors are calculated consistent with 7.1.3 of the method.

Calibration is verified by the analysis of a mid-point
calibration standard for every 12-hour shift when samples
are to be analyzed. The response factor for each analyte
must be within +2 0 % of the response factor used for
quantitification of sample concentrations.

(6) A minimum of three surrogate compounds, representing a
range of Boiling Points, are added to the samples at a
level of 50 ug/L as calculated in the initial 5 mL sample.
Recovery limits for the selected compounds are monitored.
Control limits for recovery data are calculated from the
data base that is obtained from sample analysis. The three
surrogate compounds are%

1,2-Dichloroethane
Toluene
Bromofluorobenzene

Ref. 26.1.
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(7) until such time that sufficient in-house data is available,
U.S. EPA Control Limits are used as available (see Table
A).

Samples that exhibit recoveries outside the control limits
are re-analyzed a second time. If the recoveries are still
outside of the control limits, it is possibly because of
matrix effects.

(8) Matrix spike recoveries are determined for the following
compounds and concentrations:

Compound

BENZENE

Code

A62

Concentration
(ppb)

50

TOLUENE A66 so

TRICHLOROETHENE A69 50

CHLOROBENZENE A78 so

1,1-DICHLOROETHENE A92 so

(9) A reagent blank is analyzed with each batch of samples.
The blank may not contain the compounds listed above at levels
exceeding 5 ug/L or 50% of the reported detection limit for that
parameter. In the event that this level is exceeded, the
appropriate apparatus will be cleaned and blanks will be
analyzed until satisfactory results are achieved.

LAST PAGE

Approved For Use:
--*
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METHOD 8240

GC/MS METHOD FOR VOLATILE ORGANICS

1.0 Scope and Application

1.1 Method 8240 is used to determine volatile organic compounds in a

variety of solid waste matrices. This method is applicable to nearly all
types of samples, regardless of water content, including groundwater, aqueous
sludges, caustic liquors, acid liquors, waste solvents, oily wastes, mousses,
tars, fibrous wastes, polymeric emulsions, filter cakes, spent carbons, spent
catalysts, soils, and sediments.

1.2 The detection limit of Method 8240 for an individual compound is
approximately 1 gg/g (wet weight) in waste samples. For samples containing
more-than-1-mg/g- of--total- voltIle-material,-the detection limit is propor-
tionately higher.

1.3 Method 8240 is based upon a purge-and-trap, gas chromatographic/
mass spectrometric (GC/MS) procedure. This method is restricted to use by or
under the supervision of analysts experienced in the use of purge-and-trap
systems and gas chromatograph/mass spectrometers and skilled in the interpre-
tation of mass spectra and their use as a quantitative tool.

2.0 Summary of Method

2.1 The volatile compounds are introduced to the gas chromatograph by
direct injection, the Headspace Method (Method 5020), or the Purge-and-Trap
Method (Method 5030). Method 5030 should be used for groundwater analysis.
The components are separated via the gas chromatograph and detected using a
mass spectrometer which is wsed to provide both qualitative and quantitative
information. The chromatographic conditions as well as typical mass spec-
trometer operating parameters are given.

2.2 If the above sample introduction techniques are not applicable,
a portion of the sample can be dispersed in methanol or polyethylene glycol
(PEG) to dissolve the volatile organic constituents. A portion of the
methanolic or PEG solution is combined with water in a specially designed
purging chamber. An Inert gas is then bubbled through the solution at
ambient temperature and the volatile comnponents are efficiently transferred
from the aqueous phase to the vapor phase. The vapor is swept through a
sorbent column where the volatile components are trapped. After purging is
completed, the sorbent column is heated and backflushed with inert gas to
desorb the components onto a gas chromatographic column. The gas chroma-
tographic column is heated to elute the components, which are detected witi a
mass spectrometer.

2.3 An aliquot of each sample must be spiked witi an appropriate
standard to determine percent recovery and detection limits for that sample.

Ref. 26.3
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2.4 Table 1 lists detection limits that can be obtained in wastewaters
in the absence of interferences. Detection limits for a typical waste sample
would be significantly higher.

TABLE 1. CHROMATOGRAPHIC CONDITIONS AND METHOD DETECTION LIMITS

Retention time Method
(min) detection limit

Parameter Column la (g/l)

Chloromethane 2.3 NO
Bromomethane 3.1 NO
Vinyl chloride 3.8 NO
Chloroethane 4.6 NO
Methylene chloride 6.4 2.*8
Trichlorofluoramethane 8.3 NO
1,1-Dichloroethene 9.0 2.8
1,1-oichloroethane 10.1 4.7
trans-1,2-Oichloroethene 10.8 1.6
Chlorofoem 11.4 1.6
1,2-01chloroethane '12.1 2.8
1,1,1-Trichloroethane 13.4 3.8
Carbon tetrachloride 13.7 2.8
Bromodichloromethane 14.3 2.2
1,2-Olchloropropane . 15.7 6.0
trans-1,3-ichloropropene 15.9 5.0
Trichloroethene 16.5 1.9
Senzene 17.0 4.4
Dibromochloromethane 17.1 3.1
1,1,2-Tricnloroethane 17.2 5.0
cis-1,3-Oichloropropene 17.2 NO
2-Chloroethylvinyl ether 18.6 NO
Bromoform 19.8 4.7
1,1,2,2-Tetrachloroethane 22.1 6.9
Tetrachloroethene 22.2 4.1
Toluene 23.5 6.0
Chlorobenzene 24.6 6.0
Ethyl benzene 26.4 7.2
1,3-Oichlarobenzene 33.9 NO
1,2-Dichlorobenzene 35.0 NO
1,4-Oichlorobenzene 35.4 NO

NO a not determined.
aColumn conditions: Carbopack 8 (60/80 mesh) coated with

11 SP-1000 packed in a 8-ft by 2-mm 1.0. glass column with helium
carrier gas at a flow rate of 30 mi/min. Column temperature is
isothermal at 45' C for 3 min, then programmed at 8. C per minute
to 220. and held for 15 min.
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3.0 Interferences

3.1 Interferences coextracted from the samples will vary considerably
from source to source, depending upon the particular waste or extract ceing
tested. The analytical system, however, should be checked to ensure
freedom from Interferences under the conditions of the analysis by running
method blanks. Method blanks are run by analyzing organic-free water in the
normal manner. The use of non-TFE plastic tubing, non-TFE thread sealants,
or flow controllers with ruboer components in the purging device should be
avoided.

3.2 Samples can be contaminated by diffusion of volatile organics
(particularly methylene chloride) through the septum seal into the sample
during shipment and storage. A field blank prepared from organic-free water
and carried through the sampling and handling protocol can serve as a check
on such contamination.

3.3 Cross contamination can occur whenever high-level and low-level
samples are sequentially analyzed. To reduce cross contamination, the
purging device and sample syringe should be rinsed out twice, between samples,
with organic-free water. Whenever an unusually concentrated sample is
encountered, it should be followed by an analysis of organic-free water to
check for cross contamination. For samples containing large amounts of
water-soluble materials, suspended solids, high boiling compounds, or high
organohalide levels, it may be necessary to wash out the purging device with
a soap solution, rinse with distilled water, and then dry in a 105' C oven
between analyses.

3.4 Low molecular weight impurities in PEG can be volatilized during
the purging procedure. Thus, the PEG employed in this method must be puri-
fied before use as described In Section 5.2.

4.0 Apoaratus and Materials

4.1 Sampling equipment

4.1.1 Vial: 25-.! capacity or larger, equipped with a screw cap
(Pierce #13075 or equivalent). Detergent wash, rinse with tap and
distilled water, and dry for I hr at 105' C before use.

4.1.2 Septum: Teflon-faced silicone (Pierce #12722 or equivalent).
Detergent wash, rinse with tap and distilled water and dry at 105' C for
I hr before use.

4.2 Purge-and-trap device: The purge-and-trap device consists of
three separate pieces of equipment: the purging chamer, trap, and the
desorber. Several complete devices are now commercially available.
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4.2.1 The purging chamber must be designed to accept 5-ml or
25-si samples with a water column at least 3 cm deep. The gaseous head
space between the water column and the trap must have a total volume of
less than 15 mi. The purge gas must pass through the water column as
finely divided bubbles with a diameter of less than 3 mm at the origin.
The purge gas must be introduced no mare than 5 mm from the base of the
water column. The purging chamber, illustrated in Figure 1, meets
these design criteria.

4.2.2 The trap must be at least 25 cm long and have an inside
diameter of at least 2.5 mm. The trap must be packed to contain the
following minimum lengths-of-adsorbents: 1.0 cm of methyl-silicone-
coated packing (Section 5.3.2), 15 cm of 2,6-diphenylene oxide polymer
(Section 5.3.1), and 8 cm of silica gel (Section 5.3.3). The minimum
specifications for the trap are illustrated in Figure 2.

4.2.3 The desorber must be capable of rapidly heating the trap
to 180. C within 30 sec. The polymer section of the trap should
not be heated higher than 180' C and the remaining sections should not
exceed 220' C. The desorber design, illustrated in Figure 2, meets
these criteria.

4.2.4 The purge-and-trap device may be assembled as a separate
unit or be coupled to a gas chromatograph as illustrated in Figures 3
and 4.

4.3 Gas chromatograph/mass spectrometer system

V..1 Gas ciromatograph: An analytical system complete with a
temperature-programmable gas chromatograph and all required accessories
including syringes, analytical columns, and gases.

4.3.2 Column: 2-m x 2-m 1.0. stainless steel or glass, packed
with 11 SP-1000 on 60/80 mesh Carbopack 8 or equivalent.

4.3.3 Mass spectrometer: Capable of scanning from 40 to 250 amu
every 3 sec or less, utilizing 70 volts (nominal) electron energy
in the electron impact ionization made and producing a mass spectrum
which meets all the criteria In Table I when 50 ng of 4-bromofluoro-

-benzene (BF) isinjected through the GC inlet or introduced in the
purge-and-trap mode.

4.3.4 GC/MS interface: Any GC-to-MS interface that gives
acceptable calibration points at 50 ng per injection for each compound
of interest and achieves acceptable tuning performance criteria (see
Section 9) may be used. GC-to-mS interfaces constructed of all glass
or glass-lined materials are recommended. Glass can be deactivated by
silanizing with dichloradimethylsilane. The interface must be capable
of transporting at least 10 ng of the components of interest from the
GC to the MS.
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Figure 1. Purging chamber.
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Packing Procedure

GlunWool 5 mm

Gradv 15 |
SilicaGed 4 rn

Tenax laon

3% OV-1 1 cm
Glass Wool 5 mm

Tree

Consoruct on

Comprmsion
SFitting Nut
and Ferrue

14 Ft. 7tl/Faot
Resistance Wire
Wraoesd Solid

Thermocouple/
Conroler
Sensor

Electronic
Tempnraturv-
Comm and
Pyroaetwr

Tubing 25 cm
0.105 In. 1.0.
0.125 In. 0.0.
Stainess Steel

Inlet

Figure 2. Trap packings and conutruction to include desorb capability.
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4.3.5 Data system: A computer system must be interfacec to the
mass spectrometer that allows the continuous acquisition and storage on
machine-readable media of all mass spectra obtained throughout the
duration of the chromatographic program. The computer must have
software that allows searching any GC/MS data file for ions of a
specific mass and plotting such ion abundances versus time or scan
number. This type of plot is defined as an Extracted Ion Current
Profile (EICP). Software must also be available that allows integrat-
ing the abundance in any EICP between specified time or scan number
limits. Hardware and software must be available to transform the data
into a compatible format. These generally consist of a 9-inch, 800-bpi
tape drive and the associated software.

4.4 Sample transfer implements: Implements are required to transfer
portions of solid, semisolid, and liquid wastes from sample containers to
laboratory glassware. The transfer must be accomplished rapidly to avoid
loss of volatile components during the transfer step. Liquids may be trans-
ferred using a hypodermic syringe with awida-ocre needie-or-no-needie
attached. Samples should be introduced into the syringe by (1) removing
the plunger from the syringe, (2) pouring the sample into the barrel, and
(3) replacing the barrel and inverting the syringe to remove any air trapped
in the syringe. Do not draw the sample up into the syringe. Solids may be
transferred using a conventional laboratory spatula, spoon, or caring device.
A coring device that is suitable for handling some samples can be made by
using a glass tuning saw to cut away the closed and of the barrel of a glass
hypodermic syringe.

-TAUL Z. VB KEY UfN ABUNDANCE CRITERIA

Mass Ion abundance criteria

50 15 to 40% of mass 95
75 30 to 60% of mass 95
95 Base Peak, 100% Relative Abundance

96 5 to 9% of mass 95
173 less than 21 of mass 174

174 greater than 50% of mass 95

175 5 to 9% -of mass 174

176 greater than 95 but less than 100%
of mass 174

177 5 to 9% of mass 176 -

Ref. 26.10
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4.5 Syringes: 5-1m and 25-ml glass hypodermic, equipped with 20-gauge
needle, at least 15 CM in length.

4.6 Micro syringes: 10-gl, 25-il, 100- 1 , 25 0-s, and 1000-±L. These

syringes should be equipped with 20-gauge needles having a length sufficient
to extend from the sample inlet to within 1 CM of the glass frit in the

purging device (see Figure 1). The needle length required will depend upon
the dimensions of the purging device employed.

4.7 Centrifuge tubes: 50-ml round-bottom glass centrifuge tubes with
Teflon-lined screw caps. The tubes must be marked before use to snow an
approximate 20-m. graduation.

4.8 Centrifuge: Capable of accommodating 50-mi glass tubes.

4.9 Syringe valve: 2-way, with Luer ends (2 each) (Hamilton #86725
valve equipped with one Hamilton #35033 .uer fitting, or equivalent).

4.10 Syringe: 5-mt!, gas-tight with shut-off valve.

4.11 Bottle: 15-el, screw-cap, Teflon cap liner.

4.12 Balance: Analytical, capable of accurately weighing 0.0001 g.

4.13 Rotary evaporator: equipped with Teflon-coated seal's (Buchi
Rotavapor R-110, or equivalent).

4.14 Vacuum pump: mechanical, two-stage.

5.0 Reagents

5.1 Reagent water: Reagent water is defined as a water in which an
interferent is not observed at the method detection limit of the compounds of
interest.

5.1.1 Reagent water may be generated by passing tap water througn
a carbon filter bed containing about 500 g of activated carton (Calgan
Corp., Filtrasorb-300, or equivalent).

5.1.2 A water purification system (Millipore Super-Q or equiva-
lent) may be used to generate reagent water.

5.1.3 Reagent water may also be prepared by boiling water for
15 min. Subsequently, while maintaining the temperature at 90' C.
bubble a contaminant-free inert gas through the water for 1 Ir.
While still hot, transfer the water to a narrow-mouth screw-cap bottle
and seal with a Teflon-lined septum and cap.
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5.1.4 Reagent water may also be purchased under the name "HPLC
water' from several manufacturers (Burdick and Jackson, Baker and
Waters, inc.).

5.2 Reagent PEG: Reagent PEG is defined as PEG having a nominal
average molecular weight of 400, and In which interferents are not observed
at the method detection limit for compounds of interest.

5.2.1 Reagent PEG is prepared by purification of commercial PEG
having a nominal average molecular weight of 400. The PEG is placed in
a round-bottom flask equipped with a standard taper joint, and the
flask is affixed to a rotary evaporator. The flask is immersed in a
water bath at 90-100 C and vacuum is maintained at less than 10 mm Mg
for at least 1 hr using a two-stage mechanical pump. The vacuum
system is equipped with an all-glass trap, which is maintained in a dry
ice/methanol bath.

5.2.2 In order to demonstrate that all interfering volatiles
have been removed from the PEG, a reagent water/PEG blank must be
analyzed.

5.3 Trap materials

5.3.1 2,6-Diphenylene oxide polymer: 60/80-mesh Tenax, chromato-
graphic grade or equivalent.

5.3.2 Methyl silicone packing: 3 percent OV-1 on 60/80 mesh
Chromosorb-W or equivalent.

5.3.3 Silica gel, Davison Chemical (35/60 mesh), grade-15 or
equivalent.

5.3.4 Prepared trapping columns may be purchased from several
chromatography suppliers.

5.4 Methanol: Distilled-in-glass quality or equivalent.

5.5 Calibration standards; stock solutions (2 mg/ml): Stock solu-
tions of calibration standards may be prepared fra pure standard materials
or purchased as certified solutions. Prepare stock standard solutions of
individual compounds in methanol using assayed liquids or gases as appro-
priate. Because of the toxicity of some of the organohalides, primary
dilutions of these materials should be prepared in a hood. A NIUSH/MESA-
approved, toxic gas respirator should be worn by analysts when handling high
concentrations of these materials.

5.5.1 Place about 9.8 ml of methanol in a 10-m ground-glass-
stoppered volumetric flask. Allow the flask to stand, unstoppered, for
about 10 min or until all alcohol-wetted surfaces have dried. Weigh
the flask to the nearest 0.1 mg.
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5.5.2 Add the assayed. reference material as described below.

5.5.2.1 Liquids: Using a 100-1 syringe. immediately add
2 drops of assayed reference material to the flask, then reweigh.
The liquid must fall directly into the alcohol without contacting
the neck of the flask.

5.5.2.2 Gases: To prepare standards for any compounds
that boil below 30* C (e.g., bromomethane. chloroethane. chlore-
methane, or vinyl chloride), fill a 5-ml valved gas-tight syringe
with a reference standard to the 5.0-ml mark. Lower the needle to
5 mm above the methanol meniscus. Slowly introduce the reference
standard above the surface of the liquid. The heavy gas rapidly
dissolves in the methanol.

5.5.3 Reweigh, dilute to volume, stopper, then.mix by gently
inverting the flask several times. Calculate the concentration in
gg/gl per microliter from the net gain in weight. When compound
purity is assayed to be 96% or greater, the weight may be used without
correction to calculate the concentration of the stock standard.
Commercially prepared stock standards may be used at any concentration
if they are certified by the manufacturer or by an Independent source.

5.5.4 Transfer the stock standard solution into a Teflon-sealed
screw-cap battle. Store, with minimal headspace, at -10 to -20' C and
protect from light.

5.5.5 Prepare fresh standards weekly for gases or for reactive
compounds such as 2-chloroethylvinyl ether. All other standards must
be- replaced- after one month, or sooner if comparison with check
standards indicates a problem.

5.6 Calibration standards; secondary dilution solutions: Using stock
solutions described in Section 5.5, prepare secondary dilution standards in
methanol that contain the compounds of interest, either singly or mixed
together. The secondary dilution standards should be prepared at concentra-
tions such that the methanol or aqueous PEG calibration solutions prepared as
described in Section 6.3.2 will bracket the working range of te analytical
system. Secondary dilution standards should be stored with minimal headspace
and should be checked frequently for signs of evaporation, especially just
prior to preparing calibration standards from them.

5.7 Surrogate standards: Surrogate standards may be added to samales
and calibration solutions to assess the effect of the sample matrix on
recovery efficiency. The compounds employed for this purpose are 1,2-
dibromotetrafluoroethane, bis(perfluoroisopropyl) ketone, fluorobenzene,
and m-bromooenzotrifluoride. Prepare methanolic solutions of the surrogate
standards using the procedures described in Sections 5.5 and 5.5. The
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concentrations prepared and the amount of solution added to each sample
should be those required to give an amount of each surrogate in the purging
device that is equal to the amount of each Internal standard added, assuming
a 100% recovery of the surrogate standards.

5.8 Internal standards: In this method. internal standards are
employed during analysis of all samples and during all calibration procedures.
The analyst must select one or more internal standards that are similar in
analytical behavior to the compounds of Interest. The analyst must further
demonstrate that the measurement of the internal standard is not affected by
method or matrix interferences. Because. of these limitations, no internal
standard can be suggested that is applicable to all samples. However, for
general use, 04 -1,2-dichloroethane, 06-benzene, and 05-ethylbenzene are
recommended as internal standards covering a wide boiling point range.

5.9 4-Sromofluorobenzenb (SFB): 8F! is added to the internal standard
solution or analyzed alone to permit the mass spectrometer tuning for each
GC/MS run to be checked.

5.10 Internal standard solution: Using the procedures described in
Sections 5.5 and 5.6, prepare a methanolic solution containing each internal
standard at a concentration of 12.5 pg/Ml.

5.11 Sodium monohydrogen phosphate: 2.0 s in distilled water.

5.12 n-Nonane and n-dodecane, 98+% purity.

5.13 N-Hexadecane, distilled-in-glass (Burdick and Jackson, or
equivalent).

6.0 Sample Collection, Handling, and Preservation

6.1 All samples must be collected using a sampling plan that addresses
the considerations discussed in Section One of this manual.

6.2 All samples must be stored in Teflon-lined screw cap vials. Sample
containers should be filled as completely as possible so as to minimize
headspace or void space. Vials containing liquid sample snould be stored in
an inverted position.

6.3 All samples must be iced or.refrigerated from the time of collection
to the time of analysis, and should be protected from light.
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7.0 Procedure

7.1 Calibration

7.1.1 Assemble a purge-and-trap device that meets the specifications
in Section 4.2 and connect the device to a GC/MS system. Condition the
trap overnight at 180' C by backflushing with an inert gas flow of at
least 20 ul/min. Prior to use, condition the trap daily for 10 min
while backflushing at 180' C.

7.1.2 Operate the gas chromatograpn using the conditions described
in Section 7.3.5 and operate the mass spectrometer using the conditions
described in Section 7.3.2.

7.1.3 Calibration procedure

7.1.3.1 Conduct calibration procedures using a minimum of
three concentration levels for each calibration standard. One of
the concentration levels should be at a concentration near but
above the method detection limit. The remaining two concentration
levels should correspond to the expected range of concentrations
found in real samples or should define the worting range of the
GC/MS system.

7.1.3.2 Prepare the final solutions containing the required
concentrations of calibration standards, including surrogate
standards, directly in the purging device. To the purging device,
add 5.0 ml of reagent water or reagent water/PEG solution. This
solution is prepared by taking 4.0 ml of reagent water or reagent
PEG and diluting to 100 ml with reagent water. The reagent water/
PEG solution is added to the purging device using a 5-ml glass

- syringe-fittad with a 15-a 20-gauge neetdle. The needle is inserted
through the sample inlet shown in Figure 1. The internal diameter
of the 14-gauge needle that forms the sample inlet will permit in-
sertion of a 20-gauge needle. Next, using a 10-.l or 25-Ld micro-
syringe equipped with a long needle (see Section 4.5), take a
volume of the secondary dilution solution containing appropriate
concentrations of the calibration standards (see Section 5.6). Add
the aliquot of calibration solution directly to tie reagent water
or reagent water/PEG solution in the purging device by Inserting
the needle through the sample Inlet. When discharging the contents
of the micro-syringe be sure that the end of the syringe needle is
well beneath the surface of the reagent water or water/PEG solu-
tion. Similarly, add 20 s±V of the internal standard solution (see -t
Section 5.10). Close the 2-way syringe valve at the sample inlet.

7.1.3.3 Carry out the purge and analysis procedure as
described In Section 7.3.4. Tabulate the area response of tne
primary characteristic ion against concentration for eacn compound
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including the internal standards. Calculate response factors (RF)
for each conpound as follows:

RF * (ASCIS)/AiSCs)

where:

As  - Area of the primary characteristic ion for the compound
to be measured

Ais a Area of the primary characteristic ion of the internal
standard

Ci s - Concentration of the Internal standard

Cs - Concentration of the compound to be measured.

The internal standard selected for the calculation of the RF of a
compound and subsequent quantification of the compound is generally
the internal standard that has a retention time closest to that of
the compound. It is assumed that a linear calibration plot will be
obtained over the range of concentrations used. If the RF value
over the working range is a constant (less than 10% relative
standard deviation), the RF can be assumed to be invariant, and the
average RF can be used for calculations. Alternatively, the
results can be used to plot a calibration curve of response ratios,
As/Ais, versus RF.

7.1.3.4 The RF must be verified on each working day. The
concentrations selected should be near the midpoint of the working
range. The response factors obtained for the calibration standards
analyzed immediately before and after a set of samples must be
within +20% of the response factor used for quantification of the
sample concentrations.

7.2 Daily GC/MS performance tests

7.2.1 At the beginning of each day that analyses are to be performed,
the GC/MS system must be checked to see that acceptable performance
criteria are achieved for BFS (see Table 2).

7.2.2 The BS performance test requires the following instrumental
parameters:

Electron Energy: 70 volts (nominal)
Mass Range: 40 to 250 amu
Scan Time: to give approximately 6 scans per peak but not

to exceed 3 sec per scan.
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7.2.3 Bleed BPS vapor into the mass spectrometer and tune the

instrument to achieve all the key Ion criteria for the mass spectrum of

SF given in Table 1. A solution containing Za ng of SF! may be injected

onto the gas chromatographic column in order to check the key ion
criteria.

7.2.4 The peak intensity of aE-bnzene is used to monitor the mass
spectrometer sensitivity. The peak intensity for 06-benzene observed
during each sample analysis must be between 0.7 and 1.4 times the 0i-enzmne
peak intensity observed during the applicable calibration runs. For example,
if the peak intensity of 0e-benzene observed during calibration was 355,000
area counts, then each subsequent sample or blank must give a 0-benzene
peak intensity of between 250,000 and 500,000 area counts. If the D6-benzene
peak intensity is outside the specified range, the sample must be reanalyzed.
If the peak intensity is again outside the specified range, the anaiyst must
investigate the cause of the variability in sensitivity and correct the
problem.

7.3 Sample extraction and analysis

7.3.1 The analytical procedure involves extracting the non-aqueous
sample with methanol or polyethylene glycol (PEG) and analyzing a
portion of the extract by a purge-and-trap GC/MS procedure. The amount
of the extract to be taken for the GC/MS analysis is based on the
estimated total volatile content (TVC) of the sample. The TVC is
estimated by extracting the sample with n-hexadecane and analyzing the
n-hexadecane extract by gas chromatography.

7.3.2 The estimated TYC is based on the total area response
relative -to -that of n-nonane for all components eluting prior to the
retention time of n-dodecane. The response factor for n-nonane and the
retention time- of n-dadecane are determined by analyzing a 2-gl aliquot
of an n-hexadecane solution containing 0.20 mg/mil of n-nonane and
n-dodecane.

7.3.2.1 The GC analyses are conducted using a flame ioniza-
tion detector and a 3-m x 2-mm I.D. glass column packed with 100.
OV-101 on 100-200 mesh Chronosorb W-HP. The column temperature is
programmed from 80' C to 280' C at 8'/min and held at 280' for
10 min.

7.3.2.2 Determine the area response for n-nonane and divide
by 0.2 to obtain the area response factor. Record the retention
time of n-dodecane.

7.3.2.3 Add 1.0 g of sample to 20 ml of n-hexadecane ana
2 ml of 2.0 M Na2HPO 4 contained in a 50-m glass centrifuge
tube and cap securely with a Teflon-lined screw cap. Shake the
mixture vigorously for one minute. If the sample does not disperse
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during the shaking process, sonify tife mixture in an ultrasonic
bath for 30 min. Allow the mixture to stand until a clear
supernatant is obtained. Centrifuge if necessary to facilitate
phase separation.

7.3.2.4 Analyze a 2-jd aliquot of the n-hexadecane super-
natant using the conditions described In Section 7.3.2.1. Determine
the total area response of all components eluting prior to the
retention time of n-dodecane and subtract the corresponding area of
an n-hexadecane blank. Using the area response factor determined
for n-nonane in Section 7.3.2.2, calculate the TVC as follows:

TAR-sample T blank x 20
n-Nonane Area Response Factor

where:

TVC - total volatile content of the sample in mg/g

TARsample * total area response obtained for the sample

TARblank a total area response obtained for a blank.

7.3.3 The transfer of an aliquot of the sample for extraction
with methanol or PEG should be made as quickly as possible to minimize
loss of volatiles from the sample.

7.3.3.1 To a 50-mi glass centrifuge tube with Teflon-lined
cap, add 40 ml of reagent methanol or PEG. Weigh the capped
centrifuge tube and methanol or PEG on an analytical balance.

7.3.3.2 Using an appropriate implement (see Section 4.4),
transfer approximately 2 g of sample to the methanol or PEG In the
centrifuge tube in such a fashion that the sample is dissolved in
or submerged in the methanol or PEG as quickly as possible. Take
care not to touch the sample-transfer implement to the methanol or
PEG. Recap the centrifuge tube inmediately and weigh on an analytical
balance to determine an accurate sample weight.

7.3.3.3 Disperse the sample by vigorous agitation for 1 min.
The mixture may be agitated manually or with the aid of a vortex-mixer.
If the sample does not disperse during this process, sonify the
mixture in an ultrasonic bath for 30 min. Allow the mixture to
stand until a clear supernatant is obtained as the sample extract.
Centrifuge if necessary to facilitate phase separation.
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7.3.3.4 The sample extract may be stored for future analytical

neefl, [f-this Is desired, transfer the solution to a 10-ml screw

cap vial with Teflon cap liner. Store at -10 to -20' C, and protect

from light.

7.3.4 Reagent water, internal standard solution, and the sample
extract are added to a purging chamber that is connected to the purge-and-
trap device and that has been flushed with helium during a 7-min trap
reconditioning Step (see Section 7.3.4.4). The additions are made using
an appropriately sized syringe equipped with a 15-cm 20-gauge needle.
Open the syringe valve of the sample inlet (shown in Figure 1) and
insert the needle through the valve.

7.3.4.1 Add 5.0 mi of reagent water or aqueous sample to
which 20.0 gLl of the internal standard solution has been added (see
Section 5.10) to the purging chamber. Insert the needle of the
syringe well below the surface of the water for the addition of
the internal standard solution. If the sample is aqueous go to
Section 7.3.5.

7.3.4.2 Add an aliquot of the sample extract from Section
7.3.3.4. The total quantity of volatile components injected should
not exceed approximately 10 lg. If the total volatile content
(TVC) of the sample as determined in Section 7.3.1.4 is 1.0 mg/g or
less, use a 200-±iI aliquot of the sample extract. If the TVC is
greater than 1.0 mg/g, use an aliquot of the sample extract that
contains approximately 10 sg of total volatile components; the
volume (in ILI) of the aliquot to be taken can be calculated by
dividing 200 by the TVC. If the TVC is greater than 20 mg/g, take
a SOU-il aliquot of the sample extract and dilute to 10 ml with
PEG. In this case calculate the aliquot volume (in gl) of the
undiluted extract to be taken by dividing 4,000 by the TVC. If the
TVC is less than 1.0 mg/l and greater sensitivity is desired, use a
large purging chamber containing 25 ml of reagent water and use a
1.0-al aliquot of the sample extract.

7.3.4.3 Close the 2-way syringe valve at the sample inlet.

7.3.5 The sample In the purging chamber is purged with helium to
transfer the volatile components to the trap. The trap is then heated
to desorb the volatile components which are swept by the helium carrier
gas onto the GC column for analysis.

7.3.5.1 Adjust the gas (helium) flow rate to 40 * 3 ml/min.
Set the purging device to purge, and purge the sample fo r
11.0 * 0.1 min at ambient temperature.
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7.3.5.2 At the conclusion of the purge time, adjust tne
device to the desort mode, and begin the GC/MS analysis and data
acquisition using the following GC operating conditions:

Column: 6-ft x 2-mm I.D. glass column of 12 SP-100 on
Carbo-pack B (60-80 mesh.).

Temperature: Isothermal at 45* C for 3 min, then increased at
8' C/min to 2213 C, and maintained at 220' C for 15 min.

Concurrently, introduce the trapped materials to the GC column by
rapidly heating the trap to 180. C while backflushing the trap with
helium at a flow rate of 30 mI/min for 4 min. If this rapid
heating requirement cannot be met, the GC column must be used as a
secondary trap by cooling It to 30* C or lower during the 4-min
desort step and starting the GC program after the desort step.

7.3.5.3 Return the purge-and-trap device to the purge mode
and continue acquiring GC/MS data.

7.3.5.4 Allow the trap to cool for 8 min. Replace the
purging chamber with a clean purging chamber. The purging chamber
is cleaned after each use by sequential washing with acetone,
methanol, detergent solution and distilled water, and then dried
at 105' C.

7.3.5.5 Close the syringe valve on the purging chamber
after 15 sec to begin gas flow through the trap. Purge the trap at
ambient temperature for 4 min. Recondition the trap by heating it
to 180' C. Do not allow the trap temperature to exceed 180. C,
since the sorption/desorption is adversely affected when the trap
is heated to higher temperatures. After heating the trap for
approximately 7 min, turn off the trap heater. When cool, the trap
is ready for the next sample.

7.3.6 If the response for any ion exceeds the working range of the
system, repeat the analysis using a correspondingly smaller aliquot of
the sample extract described in Section 7.3.2.3.

7.4 Qualitative identification

7.4.1 Obtain an EICP for the primary characteristic ion and at
least two other characteristic ions for each compound- when practical.
The following criteria must be met to make a qualitative identification.

7.4.1.1 The characteristic ions of each compound of interest
must maximize in the same or within one scan of each atner.
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7.4.1.2 The retention time must fall within +30 sec of the
ratanltln time of the authentic compound.

7.4.1.3 The relative peak heights of the characteristic
ions in the EICP's must fall within +20 of the relative intensities
of these ions in a reference mass spictrum. Reference spectra may
be generated from the standards analyzed by tie analyst or from a
reference library. All reference spectra generated fra standards
must be obtained from an appropriately tuned mass spectrometer.

7.5 quantitative determination

7.5.1 When a compound has been identified, the quantification of
that compound will be based on the integrated abundance from the EICP of
the primary characteristic ion. In general, the primary characteristic
ion selected should be a relatively intense ion, as interference-free as
possible, and as close as possible in mass to the characteristic ion of
the internal standard used. Generally, the base peat of the mass
spectrum is used.

8.0 Quality Control

8.1 Each laboratory that uses this method is required to operate a
formal quality control program. The minimum requirements of this program
consist of an initial demonstration of laboratory capability and the analysis
of spiked samples as a continuing check on performance. The laboratory is
required to maintain performance records to define the quality of the data
that are generated. Ongoing performance checks must be compared with
established performance criteria to determine if the results of analyses are
within the accuracy and precision limits expected of the method.

8.1.1 Before performing any analyses, the analyst must demon-
strate the ability to generate acceptable accuracy and precision with
this method. This ability is established as described in Section 8.2.

8.1.2 The laboratory must spike all samples including check
samples with surrogate standards to monitor continuing laboratory
performance. This procedure is described in Section 8.4.

8.1.3 Before processing any samples, the analyst should daily
-- demonstrate,-through-the analysis of an-organic-free water method blank,

that the entire analytical system i.s interference-free. The blank
samples should be carried through all stages of the sample preparation
and measurement steps.

8.2 To establish the ability to generate acceptable accuracy and
precision, the analyst must perform the following operations using a
representative sample as a check sample.
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8.2.1 Analyze four aliquots of the unspiked check sample
according to the method in Section 7.3.

8.2.2 For each compound to be measured, select a spike
concentration representative of twice the level found in the unspiked
check sample or a level equal to 10 times the-expected detection limit,
whichever is greater. Prepare a spiking solution by dissolving the
compounds in methanol at the appropriate levels.

8.2.3 Spike a minimum of four aliquots of the check sample with
the spiking solution to achieve the selected spike concentrations.
Spike the samples by adding the spiking solution to the PEG used for
the extraction. Analyze the spiked aliquots according to the method in
Section 7.3.

8.2.4 Calculate the average percent recovery, R, and the
standard deviation of the percent recovery, s, for all compounds and
surrogate standards. Background corrections must be made before R and
s calculations are performed. The average percent recovery must be
greater than 20 for all compounds to be measured and greater than 60
for all surrogate compounds. The percent relative standard deviation
of the percent recovery, s/R x 100, must be less than 20 for all
compounds to be measured and all surrogate compounds.

8.3 The analyst must calculate method performance criteria for each
of the surrogate standards.

8.3.1 Calculate upper and lower control limits for method
performance for each surrogate standard, using the values for R and s
:alculated in Section 8.2.4:

upper Control Limit (UCL) * R + 3s
Lower Control Limit (LCL) - R - 3s

The UCL and LCL can be used to construct control charts that are useful
in observing trends in performance.

8.3.2 For each surrogate standard, the laboratory must maintain
a record of the R and s values obtained for each surrogate standard in
each waste sample analyzed. An accuracy statement should be prepared
from these data and updated regularly.

8.4 rhe laboratory is required to spike all samples with tne surrogate
standards to monitor spike recoveries. The spiking level used should be trat
which will give an amount in the purge apparatus that is equal to the amount
of tne Internal standard assuming a 100 recovery of the surrogate standards.
If the recovery for any surrogate standard does not fall within the control
limits for method performance, tne results reported for that sample must be
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qualified as being outside of control limits. The laboratory must monitor

the frequency of data so qualified to ensure that it remains at or below 5%.
Four surrogate standards, namely 1.2-dibromodifluoroethane, bis(perfluoro-
isopropyl) ether, fluorobenzene, and m-brombenzatrifluoride. are recommended
for general use to monitor recovery of volatile compounds varying in volatility
and polarity.

8.5 Each day, the analyst must demonstrate through the analysis of a
process -blank -that, ll glassware and reagent interferences are under control.

8.5 It is recommended that the laboratory adopt additional quality
assurance practices for use with this method. The specific practices that
are most productive depend upon the needs of the laboratory and the nature
of the samples. Field replicates may be analyzed to monitor the precision of
the sampling technique. Whenever possible, the laboratory should perform
analysis of standard reference materials and participate In relevant per-.
formance evaluation studies.

8.7 Standard quality assurance practices should be used with this
method. Field replicates should be collected to validate the precision of
the sampling technique. Laboratory replicates should be analyzed to validate
the precision of the analysis. Fortified samples should be carried through
all stAges of sample preparation and measurement; they should be analyzed
to validate the sensitivity and accuracy of the analysis. If the fortified
waste samples do not indicate sufficient sensitivity to detect less than or
equal to 1 pg/g of sample, then the sensitivity of the instrument should be
increased or the extract subjected to additional cleanup. Detection limits
to be used for groundwater samples are indicated in Table 1. Where doubt
exists over the identification of a peak on the chromatograph, confirmatory
techniques such as mass spectroscopy should be used.

8.8 The method detection limit (MOL) is defined as the minimum concen-
tration of a substance that can be measured and reported with 99 confidence
that the value is above zero. The MOL concentrations listed in Table I were
obtained using reagent water. Similar results were achieved using represen-
tative wastewaters. The MOL actually achieved in a given analysis will vary
depending on instrument sensitivity and matrix effects.

8.9 In a single laboratory, using reagent water and wastewaters spiked
at or near background levels, the average recoveries presented in Table 3
were obtained. The standard deviation of the measurement in percent recovery
is also included in Table 3.
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TABLE 3. ACCURACY AND PRECISION FOR PURGEABLE ORGANICS

Reagent Water Wastewater

Average Standard Average Standard
percent deviation percent deviation

Parameter recovery (Z) recovery (W)

Benzene 99 9 98 10
Bromodichiloromethane 102 12 103 10

Brgmoform 104 14 105 16
Bromomethane 100 20 88 23
Carbon tetrachloride 102 16 104 15
Chlorobenzene 100 7 . 102 9
Chloroethane 97 22 103 31
2-Chloroethyl vinyl ether 101 13 95 17
Chloroform 101 10 101 12
Chloromethane 99 19 99 24
Oibromochloromethane 103 11 104 14
1,1-Olchloroethane 101 10 104 15
1,2-Olchloroethane 100 8 102 10
1,1-Olchloroethene 102 17 99 15
trans-1,2-Oichloroethene 99 12 101 10
1,2-Dichloropropane 102 8 103 12
cis-1,3-Dichloropropene 105 15 102 -19
trans-1,3-Oichloropropene 104 11 100 18
Ethyl benzene 100 8 103 10
Methylene chloride 96 16 89 28
1,1,2,2-Tetrachloroethane 102 9 104 14
Tetrachloroethene 101 9 100 11
Toluene 101 9 98 14
1,1,1-Trichloroethane 101 11 102 1
1,1,2-Trichloroethane 101 10 104 15
Trichloroethene 101 9 100 12
Trichlorofluoromethane 103 11 107 19
Vinyl chloride 100 13 98 25

Samples were spiked between 10 and 1000 g/l.
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(1)
Cyanide in aqueous samples is determined by colorimetry using a
UV/VZS spectrometer.

(2)
The instrument is set up and calibrated according to the
manufacturer's instructions. Calibration standards are prepared
in the concentration range of 0 to 120 ppb. The instrument
stores the absorbances and generates an internal calibration
curve.

(3)
All--standardS- -ac-- -pr e--ed- --fr-esh -when- sape are to be
analyzed. All standards are subjected to the same discillatior
procedure as the samples. Matrix spike recoveries are
determined at a concentration of 100 ppb. Verification
standards are prepared at concentrations near 100 ppb. Often
EPA QC check samples are used as verification standards.

(4)
Absorbances are determined at a fixed wavelength which is
determined whenever a fresh batch of barbituric acid is
prepared. A 100 ppb standard is analyzed in the "wavelength
scan" mode. in this mdde, absorbances for wavelengths between
500 and 600 nm are determined. The peak of the distribution is
then chosen as the fixed wavelength for all measurementa. The
wavelength is typically very close to 578 nm.
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METHOD 9010

TOTAL AND AMENABLE CYANIDE

1.0 Scope and Application

1.1 Method 9010 is used to determine the concentration of inorganic
cyanide in a waste or leachate. The method detects inorganic cyanides that
are present as either simple soluble salts or complex radicals. It is used to
determine values for both total cyanide and cyanide amenable to chlorination.
Method 9010 does not determine the *reactive* cyanide content of wastes
containing iron-cyan'ide complexes.

Z.0 Summary of Method

2.1 The cyanide as hydrocyanic acid (HCN) is released from cyanide
complexes by means of a reflux-distillation operation and absorbed in a
scrubber containing sodium hydroxide solution. The cyanide Ion In the
absorbing solution is then determined colorimetrically.

2.2 In the calorimetric measurement, the cyanide is converted to
cyanogen chloride (CNCI) by reaction with chloramine-T at a pH less than a
without hydrolyzing to the cyanate. After the reaction is complete, color is
formed on the addition of pyridine-barbituric acid reagent. The absormance is
read at 570 in for pyridine-barbituric acid reagent. To obtain colors of
comparanle intensity, it is essential to have the same salt content in both
the sample and the standards.

3.0 Interferences

3.1* Interferences are eliminated or reduced by using the distillation
procedure described in Procedure 7.2.3, 7.2.4, and 7.2.5.

3.2 Sulfides adversely affect the colorimetric procedures. Samples that
contain hydrogen sulfide, metal sulfides or other compounds that may prCduce
hydrogen sulfide during the distillation should be distilled by the optional
procedure described In procedure 7.2.3.

3.3. High results may be obtained for samples that contain nitrate
and/or nitrite. During the distillation, nitrate and nitrite will form
nitrous acid which will react with some organic compounds to form oximes.
These camounds formed will decompose under test conditions to generate HCN.
The interference of nitrate and nitrite is eliminated by pretreatment with
sulfamic acid.

Revised 4/84
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5.9 Sulfamic acid solution: Dissolve 40 9 of sulfamic acid In distilled
water. Dilute to I liter.

5.10 Calcium Nypochlorite solution: Dissolve 5 g of calcium hypochlorite
(Ca(OCI) 2 ) in 100 ml of distilled water.

5.11 Potassium Iodide-starch test paper.

5.12 Reagents for manual calorimetric determination:

5.12.1 Pyridine-Sarbituric Acid Reagent: Place 15 g of barbituric
acid in a 250 mi volumetric flask and add just enough distilled water to
wash the sides of the flask and wet barbituric acid. Add 75 mi of
pyridine and mix. Add 15 ml of conc. CI , mix and cool to room
temperature. Dilute to 250 ml with distilled water and mix., This
reagent is stable for approximately six months if stored in a cool, dart
place.

5.12.2 Chloranine-T solution: Dissolve 1.0 g of white, water
;oluble Chloramine-T in 100 mi of distilled water and refrigerate until
ready to use.

5.13 Reagents for automated calorimetric determination:

5.13.1 Distillation agent: Carefully add 250 mi of 85% phosphoric
acid and 50 ml of hypophosphorus acid to 700 mi of distilled water, mix,
and dilute to one liter with distilled water.

-- 5.13.2 Sodium dihydragenphosphate, IM (phosphate buffer):
Dissolve 138 g of NaH2PO4'H20 in 1 liter of distilled water. Refrigerate
this solution.

5.13.3 Chloramine-T: Dissolve 3.0 g of chloramine-T in 500 Ml of
distilled water.

5.13.4 Pyradine barbituric acid reagent: Refer to (5.12.1).

5.13.5 Sodium hydroxide, 1 N: Dissolve 40 g of NaCH in 500 ml of
distilled water.

5.13.6 Stock cyanide solution: Refer to 5.5.

5.13.7 All working standards should contain 2 ml of 1 N NaUH
(5.13.5) per 100 ml.

5.13.8 Dilution water and recepticle wash water (NaCH, 0.25 N):
Dissolve 10.0 g MaOH in 500 mis of distilled water. Dilute to 1 liter.

Revised 4/84

Ref. 27.5



9010 / 4

4.0 Apparatus

4.1 Reflus distillation apparatus such as shown in Figure 1 or 2. The

boiling flask should be of I liter size with inlet tube and provision for

condenser. The gas absorber may be a Fisher-Milligan scrubber.

4.2 Spectrophotameter suitable for measurements t 570 n with a 1.0 cm
cell or larger.

4.3 Flow meter, such as Lab Crest with stainless steel float (Fisher
11-164-50).

4.4 Technicon Auto-Analyzer

4.4.1 Sampler

4.4.2 Cyanide manifold. (See Figure 3.)

4.4.3 Proportioning pump.

4.4.4 Calorimeter equipped with a 15 a flowcell and 570 nm filter.

4.4.5 Recorder.

5.0 Reagents

5.1 Sodium hydroxide solution, 1.25N: Dissolve 50 g of NaOH in
dist4lled-water,-and-dilute to I liter with distilled water.

5.2 Bismuth nitrate solution: Dissolve 30.0 grams of BI(NO3)3 in 100
mis of distilled water. While stirring, add 250 mIs of acetic acid. Stir
until dissolved. Dilute to 1 liter with distilled water.

5.3 Sulfuric acid; 18N: Slowly add 500 ml of concentrated H2S04 to 500
ml of distilled water.

5.4 Sodium dihydrogenphosphate, 1 M: Dissolve 138 g of NaH2 P04-H 2 0 in I
liter of distilled water. Refrigerate this solution.

5.5 Stock cyanide solution: Dissolve 2.51 g of KCN and 2 g KOH in 900
ml of distilled water. Standardize with 0.0192 N AgN03. Dilute to
appropriate concentration so that I ml - I mg CN.

5.6 Standard cyanide solution,-inteiiediate: Dilute 100.0 il of stock
(1 nl a 1 mg CN) to 1000 ml with distilled water (1 ml * 100 g).

5.7 Working standard cyanide solution: Prepare fresh daily by diluting
100.0 ml of intermediate cyanide solution to 1000 Ml with distilled water and
store in a glass stoppered bottle. 1 ml a 10.0 ug CN.

5.8 Magnesium chloride solution: Weigh 510 g of MgCl2-6H20 into a
1000 ml flask, dissolve and dilute to I liter with distilled water.

Revised 4/84
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6.0 Sample Collection, Preservation and Handling

6.1 All samples must have been collected using a sampling plan that

addresses the considerations discussed in Section One of this manual.

6.2 Samples should be collected in plastic or glass battles of 1-liter

size or larger. All bottles must be thoroughly cleaned and thoroughly rinsed

to remove soluble materials from containers.

6.3 Oxidizing agents such as chlorine decompose most cyanides. To
determine whether oxidizing agents are present, test a drop of the sample with
potassium iodide-starcf test paper; a blue color indicates the need for
treatment. Add ascorbic acid a few crystals at a time until a drop of sample
produces no color on the Indicator paper. Then add an additional 0.6 g of
ascorbic acid for each liter of water.

6.4 Samples must be preserved with 2 ml of 10 N sodium hydroxide per
liter of sample (pH is greater than or equal to 12) at the time of collection.

6.5 Samples should be refrigerated at 4'C when possible and analyzed as
soon as possible.

7.0 Procedure

7.1 Pretreatment for cyanides amenable to chlorination

7.1.1 Two sample aliquots are required to determine
cyanides amenable to chlorination. To one 500 ml aliquot or
a volume diluted to 500 ml, add calcium hypochlorite solution
(5.10) dropwise while agitating and maintaining the pH
between 11 and 12 with sodium hydroxide (5.1).

Caution: The initial reaction product of alkaline
chlorination is the very toxic gas cyanogen chloride;
therefore, it is recommended that this reaction be
performed in a hood. For convenience, the sample may be
agitated In a I liter beaker be means of a magnetic
stirring device.

7.1.2 Test for residual chlorine with KI-starch paper (5.11) and
maintain this excess for one hour, continuing agitation. A distinct blue
color on the test paper indicates a sufficient chlorine level. If
nucesssary, add additional hypochlorita solution.

7.1.3 After one hour, add 0.5 g portions of ascorbic acid until
KI-starch paper shows no residual chlorine. Add an adaitional 0.5 g of ..
ascorbic acid to ensure the presence of excess reducing agent.

7.1.4 Test for total cyanide in both the chlorinated and
unchlorinated aliquots. (The difference of total cyanide in the
chlorinated and unchlorinated aliquots is the cyanide amenable to
chlorionation.)

Revised 4/84
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7.2 Distillation Procedure

7.2.1 Place 500 ml of sample, or an aliquot diluted to 500 ml in
the 1 liter boiling flask. Pipet 50 ml of sodium hydroxide (5.1) into
the absorbing tube. If the apparatus in Figure 1 is used, add distilled
water until the spiral is covered. Connect the boiling flask, condenser,
absorber and trap in the train. (Figure 1 or 2)

7.2.2 Start a slow stream of air entering the boiling flask by
adjusting the vacuum source. Adjust the vacuum so that approximately two
bubbles of air per second enters the boiling flask through the air inlet
tube.

7.2.3 If samples contain sulfide, add 50 ml of bismuth nitrate
solution (5.2) after the air rate is set through the air inlet tube. Mix
for 3 minutes prior to addition of HZS04*

7.2.4 If samples contain N03 and/or N02 , add 50 ml of sulfamic acid
solution (5.9) after the air rate is set through the air inlet tube. Mix
for 3 minutes prior to addition of H2504 -

7.2.5 Slowly add 50 ml 18 N sulfuric acid (5.3) through the air
inlet tube. Rinse the tube with distilled water and allow the airflow to
mix the flask contents for 3 minutes. Pour 20 ml of magnesium chloride
(5.8) into the air inlet and wash down with a stream of water.

7.2.6 Heat the solution to boiling. Reflux for one hour. Turn
off heat and continue the airflow for at least 15 minutes. After cooling
the boiling flask, disconnect absorber and close off the vacuum source.

7.2.7 Drain the solution from the absorber into a 250 ml volumetric
flask. Wash the absorber with distilled water and add the washings to
the flask. Dilute to the mark with distilled water.

7.3 Manual spectophotometric determination:

7.3.1 Withdraw 50 ml or less of the solution from the flask and
transfer to a 100 ml volumetric flask. If less than 50 ml is taken,
dilute to 50 ml with 0.25 N sodium hydroxide solution (5.13.8).
Add 15.0 ml of sodium phosphate solution (5.4) and mix.

7.3.2 Add 2 ml of chloramirre-T (5.12.2) and mix. See note 1.
After I to 2 minutes, add 5 ml of pyridine-barbituric acid
solution (5.12.1) and mix. Dilute to mark with distilled
water and mix again. Allow 8 minutes for color development
and then read absoroance at 570 nm in a 1-cm cell within 15-
minut.e2

A IIIRef. 27.9
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7.4 Standard curve for samples without sulfide

7.4.1 Prepare a series of standards by pipeting suitable volumes of
standard solution (5.7) into 250 mi volumetric flasks. To eacm standard
add 50 ml of 1.25 N sodium hydrOxide and dilute to 250 mil with distilled
water. Prepare as follows:

ML of Working Standard Solution
(1 ml - 10 ( CN)

a
1.0
2.0
5.0

1u.0
15.0
20.0

Conc. g CN
per 250 ml

SLANK
10
20
50

100
150
200

7.4.2 It is not imperative that all standards be distilled in the
same manner as the samples. It is recommended that at least two
standards (a high and a low) be distilled and compared to similar values
on the curve to insure that the distillation tethnique is reliable. If
distilled standards do not agree within + 10% of the undistilled
standards, the analyst should find the ciuse of the dpparent error before
proceeding.

7.4.3 Prepare a standard curve by plotting absortance of standard
vs. cyanide concentrations.

7.4.4 To check the efficiency of the sample distillation, add an
increment of cyanide from either the intermediate standard (5.5) or the
working standard (5.7) to 500 mil of sample in insure a level of 20 pg/l.
Proceed with the analysis as in Procedure (7.2.1)

7.5 Standard curve for samples with sulfide

7.5.1 It is imperative that all standards be distilled in
manner as the samples. nanards distilled by this method will
linear curve, but as the concentration increases, the recovery
It is recommended that at least 3 standards be distilled.

the same
give a
decreases.

7.5.2 Prepare a standard curve by plotting absortance of standards
vs. -cyaniae-concentrations.

7.6 Calculation: If the colonmetric procedure is used, calculate the
cyanide, in gg/l; in the original sample as follows:

CN, gg/1 * A x 1,000 x 50-Fr 7

Revised 4/ 4
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where:

A a gg C? read from standard curve
8 a ml of original sample for distillation
C a Mi taken for calorimetric analysis

7.7 Automated calorimetric determination

7.7.1 Set up the manifold as shown in Figure 3 in a hood or a
well ventilated area.

7.7.2 Allow colorimeter and recorder to warm up for 30 minutes. Run
a baseline with all reagents, feeding distilled water through the sample
line.

7.7.3 Place appropriate standards in the sampler in order of
decreasing concentration. Complete loading of sampler tray with unknown
samples.

7.7.4 When the baseline becomes steady, begin the analyses.

7.8 Calculation: Prepare standard curve by plotting peak heights of
standards against concentration values. Compute concentrations of samples by
comparing sample peak heights with standards.

8.0 Quality Control

8.1 All quality control data should be maintained and available for easy
reference or inspection.

8.2 Employ a minimum of one blank per sample batch to determine if
contamination or any memory effects are occuring.

8.3 Analyze check standards after approximately every 15 samples.

8.4 Run one duplicate sample for every 10 samples. A duplicate
sample is a sample brought through the whole sample preparation
process.

8.5 Spiked samples or standard reference. materials shall be
periodically employed to ensure that correct prcedures are being followed
and that all equipment is operating properly.

8.6 The method of standard additions shall be used for the analysis
of all samples that suffer from matrix interferences.

Revised 4/84
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REFERENCE 28

Drawing H-3-53734 (Showing 300 Area River Intake)
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REFERENCE 29

Memo to file from.WS Weygandt concerning Personal

Communication with RB Hall Regarding the 312 River Water

Intake for 300 Area, August 13, 1987



O140A Batte.
Pacific Northwest Laboratories

On

To

Pvojact mN&bw

bin§mi Omntbuftn

August 13, 1987

File

W. S. Weygandt

saps 312 Water Intake

A telephone conversation with R. S. Hall of WHC revealed that the 300 Area
gets all of its water from the Columbia River through the 312 intake. The
300 Area is connected to the Richland city water supply, but this is only
used during emergencies.

WSW:cs

(
A

C.

Ref. 29.1

Fil e/LB



REFERENCE 30

Database Printouts of Surface Water Sample Points



ENVIRONMENTAL SAMPLE ANALYSIS RESULT REPORT

21 DEC 82 to 15 MAR 83

WATER RIVER WATER CUMULATIVE UNFILTERED

Samp #: 1265 PRIEST RAPIDS-RIVER

206/LO H 3

Result +/- 2 Sigma
Date 0+4 Date On (PCI/L Comments

21 DEC 82 2Z NOV 82 1.68E+02 +/- 1.40E+01

18 A N 93 :21 DEC S 0 + 2 + - 1 ~ E 0 W
15 FEB 8:3 18 _JAN 93 1.35E+02 +/- 1.47E+01
1 Aw r B 63 1.-2+02 -1.41E+01 __

Fraction o+ Results>DL: 4/ 4 Mean: 1.32E+02
Minimum: 1.20E+02 (18 JAN 83) Standard Error o Mean: 2.44E+01
Maximum: 1.6BE+02 (21 DEC 92) Standard Deviation: 4.87E+01
Median: 1.26E+02

Ref. 30.1 -

13-AUG-87 Page I



ENVIRONMENTAL SAMPLE ANALYSIS RESULT REPORT

19 JAN 83 to 20 DEC 93

RIVER WATER CUMULATIVE UNFILTERED

Samp 0: 1000 RICHLAND PUMP HOUSE

209/LO H 3

Result +/- 2 Sigma
(PCI/L Comments

IS JAN 93
15 FEB 83
15 MAR 93
12 APR 83
10 MAY 93
07 JUN 93
05 JUL 83
l'1 AtIf 83
30 AUG 23
27 SEP 8:
25 OCT 93

05 JAN 83
19 JAN 93
15 FEB 93
22 MAR 83
12 APR 83
10 MAY 83
07 JUN 83
05 JUL 23
02 AUG 83
30 AUG 83
27 SEP 8:

=2 NOV -8Z3

9.07E+01 +/-
1.18E+02 +/-
1.34E+02 +/-
1.94E+02 +/-
1.49E+02 +/-
1.&3E+02 +/-
1.09E+02 +/-
2.36E+()2

.55E2 +-
1.33E+02 +-sq

1.34E+01
1.36E+01
1. 40E+01
1.53E+01
2.06E+01
2.09E+01
1.74E+01

' - 7W+fl I
1. 49E+01
1.44E+01
1.45E+01 v&

Fraction of Results>DL: 13/ 13
Minimum: 3.93E+01 (22 NOV 93)
Maximum: 2.Z6E+02 (02 AUG 93)
Median: 1.34E+02

Mean: 1.35E+02
Standard Error of Mean: 2.84E+01
Standard Deviation: I.c)E+02

Ref. 30.2 -

WATER

Date O4F# Date On

( 6)

D6

I -It

I3-AUG-87 Page I



ENVIRONMENTAL SAMPLE ANALYSIS RESULT REPORT

28 JAN 86 to 30 DEC 86

RIVER WATER CUMULATIVE UNFILTERED

Samp #: 126Z PRIEST RAPIDS-RIVER

208/LO H 3

Result +/- 2 Sigma
(PCI/L Comments

29 JAN 86
25 FEB 86

03 JUN 86
01 JUL 86
29 JUL sa
02 SEP S6
50 SEP 86
28 OCT 86
02 DEC 96
30 DEC 86

31 DEC e5
28 JAN 86
.. EM
01 APR 86
29 APR 86
03 JUN 86
(UJJuL 86
29 JUL e6
02 SEP 86
30 SEP 86
28 OCT G6
02 DEC 86

1.02E+02 +/- 1.06E+01
1.30E+02 +/- 1.11E+01
L5E+02 4/- ,1. 2E+M

9.87E+01 +/- 1.03E+01
6.12E+01 +/- 7.07E+00

1.06E+02 +/- 9.19E+00
8.96E+O1 +/- 7.46E+00
1.16E+02 +/- 9.04E+00
1.04E+02 +/- 8.29E+00
8.83E+01 +/- 7.52E+00

Fraction of Results>DL: 12/
Minimum: 6.12E+01 (01 JUL 86)
Maximum: 1.30E+02 (25 FEB 86)
Median: 1.02E+02

Mean: 9.94E+01
Standard Error o Mean: 1.'4E+l
Standard Deviation: 4.29E+01

Ref. 30.3-

WATER

Date 04F Date On

Page 112-AUG-a7

12



ENVIRONMENTAL SAMPLE ANALYSIS RESULT REPORT

28 JAN 86 to 30 DEC 86

RIVER WATER CUMULATIVE UNFILTERED

Samp #: 1000 RICHLAND PUMP HOUSE

206/La H 3

Date Off# Date On
Result +/- 2 Sigma

(PCI/L

29 JAN e6 31 DEC 65 2.09E+02 +/- 1.27E+01
25 FEB 66 26 JAN 66 2.06E+02 +/- h 3fF+fl P6
SAPR 8FE E+02 /- 1.05E+01

29 APR 86 01 APR 86 1.28E+02 +/- 1.06E+01
03 JUN 86 29 APR 86 1.25E+02 +/- 1.09E+01
01 JUL 86 03 JUN 86 1.38E+02 +/- 8.37E+00
29 JUL e6 01 JUL 66 1.53E+02 +/- 9.17E+00
02 SEP S6 29 JUL 86 1.59E+02 +/- 8.29E+00
30 SEP 86 02 SEP e6 1.54E+02 +/- .8.23E+00
26 OCT 86 30 SEP 86 1.48E+02 +/- s.20E+00
02 DEC 86 2 OCT 86 1.34E+02 +/- 8.48E+00
30 DEC 86 02 DEC 66 1.26E+02 +/- 8.09E+00

Fraction of Resultu>DL: 12/ I.,
Minimum: 1.10E+02 (01 APR e6)
Maximum: 2. 09E+:2 (23 JAN 86)
Median: 1.38E+02

Comments

C 1)

Mean: 1.49E+02
Standard Error of Mean: 1.80E+01
Standard Deviation: 6.2ZE+01

Ref. 30.4-

13-AUS-87 Page 1



ENVIRONMENTAL SAMPLE ANALYSIS RESULT REPORT

21 DEC 8= to 10 MAY 93

RIVER WATER

Samp #: 6394

CONT.-RESIN

PRIEST RAPIDS-RIVER

081/1 129

Date OfF

L1 DEC 92

10 MAY SZ

Fraction
Minimum:
Maximum:
Median:-

Date On

2NOV 82
I -IDEL d-

15 FEB 83

of Results>DL:
5.20E-06 (21 DE
3.79E-05 (10 MA

Z. BE-05

Result +/- 2 Sigma
(PCI/L ) Comments

5.ZOE-O6 +/- .2-7 K )
A OE-oz 7. 2. -. 5

3.79E-O5 +/- 4.09E-06

. 3/ 3 Mean: 2.,7E-05
C 82) Standard Error o Mean: 2.76E-05
Y 93) Standard Deviation: 4.0SE-05

Ref. 30.5 .

WATER

13-AUG-87 Page 1



ENVIRONMENTAL SAMPLE ANALYSIS RESULT REPORT

15 FEB 83 to 25 OCT 93

WATER

Samp #: 6384

RIVER WATER CONT.-RESIN

300 AREA-RIVER

091/I 129

Date 0++

15 FEB 8Z
10 MAY 83
29 JUL a3
25 OCT S3

Fraction
Minimum:
Max i mum:
Median:

Result +/- 2 Sigma
Date On (PCI/L ) Comments

21 DEC 82 6.80E-05 +/- 4.08E-06
15 FEB 93 Z.91E-05 +/- 4.14E-06
10 MAY 93 7.47E-05 +/- 7.62E-06
29 JUL 83 1.20e-04 +/- 1.22E-05 6

of Results>DL: 4/ 4 Mean: 7.54E-05
3.91E-05 (10 MAY 83) Standard Error of Mean: 3.94E-05
1.20E-04 (25 OCT 83) Standard Deviation: 7.87E-05

6. SOE-05

Ref. 30.6 -

I3-AUG-a7 Page I



ENVIRONMENTAL SAMPLE ANALYSIS RESULT REPORT

25 MAR e6 to 30 DEC 86

RIVER WATER

Samp #: 6394

CONT.-RESIN

PRIEST RAPIDS-RIVER

061/I 129

Date Off

25 MAR 86
01 JUL 96
07 OCT 86
30 DEC 26

Date On

31 DEC 5
25 MAR 86
01 JUL 86
07 OCT 96

Result +/- 2 Sigma
(PCI/L ) Comme

8.10E-06 +/- 9.91E-07
9.20E-06 +/- 7.87E-07
1.04E-05 + 1.29E-'6
7.60E-06 +-9.42.E-4?7B 6

Ints

of Results>DL: 4/
7.60E-06 (30 DEC 86)
1.04E-05 (07 OCT 86)

S.10E-06

4 Mean: 9.z5E-06
Standard Error of Mean: 1.45E-06
Standard Deviation: 2.90E-06

Ref. 30.7.

WATER

Fraction
Minimum:
Max i mug:c
Median:

I 3-AUG-e7 Page 1
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WATER '

Page 1
ENVIRONMENTAL SAMPLE ANALYSIS RESULT REPORT -

25 MAR 86 to 30 DEC 86

RIVER WATER

Samn #: 6384

CONT.-RESIN

Z00 AREA-RIVER

081/I 129

Datu OHf

25 MAR 26
01 JUL 86
07 OCT 86
30 DEC 86

Date On

31 DEC 95
25 MAR 86
01 JUL 86
07 OCT 26

Result +/- 2 Sigma
(PCI/L

7.93E-05 +/- 7.ZOE-06
9.9SE-o5 +/- 8.oeE-6
1.61E-04 +'- E-05 OS
7.87E-05 +/- 7.24E-46

of Results>DL: 4/
7.87E-05 (30 DEC 86)
1.61E-04 (07 OCT 86)

7.93E-05

4 Mean: 1.02E-04
Standard Error of Mean: 4.03E-05
Standard Deviation: 8.06E-O5

Comments

Fraction
Minimum:
Max i mum:
Median:

Ref. 30.8



I 9-ICT-AI Version 1.0 Pae
EPJVIRItIMENTAL SA"PLE ANALYSTS RESIILT REP

09 JAl 8? to 28 JUL 87

OATEQ RIVER "ATEf CUMULATIVE UNFILTFRED
Banr, 41 1265 PRiF8T RAI108RIVFP

208/LO H 3

0
Pesult */- 2 sigma

Date 3ff Date On (PCI/l I Comsents

09 JAl 8 0? JAN SI I.SQE402 ,/- 2.00EtOI
22 JAI 82 15 JAN 8? 2.41E402 4/- 1.40E+01
19 FEB 62 12 FEB A? 3.25E+02 4/- t.8OE0I
02 '4AQ 82 1.55E+02 t/ 2.00E+01
16 UA9 82 3.06E+02 +/- 2.00E+01
30 4AR 8? 3.04E*02 +/- 2.00E01
13 APl m2 8.907+01 4/- 2.00E01
27 APR 92 20 APR 82 1.06E+02 4/ 2.00E01
11 MAY 8 27 APR 8 1.36E+02 4/ 1.40E+01
18 4Af 82 11 MAY 82 7.10E401 4/ I.80E02
08 JUNI 82 26 MAY 82 1.25E+02 /- 1.40E+01
06 JUL 82 29 JUN 82 2.I7E402 1/ 3.40E+01
03 41G. 82 13 JUL 82 1.45F+02 1/ 2.40E+01
31 AUG 82 23 AUG 82 8.60E+03 / 1.40E+03
28 SEP, 2 21 SEP 82 7.70E+01 +/ 1.50E+01
26 OCT 52 28 SEP 82 1.28E+02 4/- 1.20E+01
23 40V 4 24 SEP 82 1.21E+02 4/ I.2oE*0t
21 DEC 82 23 NOV 8 1.61E+02 1/ 2.40E+01
18 JAN 83 21 DEC 82 1.20E+02 +/ 1.36E+01
15 FES 83 18 JAN 83 1.35E+02 */- 1.47E*01
15 MAR 83 15 FEB 83 3.2E+02 +/ 1.41E+01
12 APR 53 25 MAR 83 1.23E+02 4/ 1.53E*01
10 MAY 83 12 APR 83 7.SoE+01 */ 3.58E01

07 JUN 83 10 MAY 83 1.20E+02 #/- 1.19E+01
05 JUL 83 07 JUN 83 6.53E401 +/- 1.26E+01
02 AUG 83 05 JUL 83 2.02E+02 +/- 2.15E#01
30 AUG 83 02 AUG 83 1.44E+02 +/- 2.09E+01
27 SEP 83 30 AVG 83 7.54E+01 +/- 1.38E+01
25 OCT 83 27 SEP 83 7 R / 1,36E#01

2 V h3 uC a L j p -it 3f#I l .
to 5.884 4/- 1.19E+01

17 JAJ 84 20 DEC 83 1.03E02 +/- 3.10E+01
14 FEB 64 1 JAN 84 1.11E02 +/- 1.1E+01
13 MAR 84 14 FER 84 1.29E+02 t/- 1.23E+01
10 APR 84 13 14AR 84 1.66E+02 +/- 9.40E+00
08 MAY 84 10 APR 84 1.19E+02 +/- 1.07E+01
05 JUN 84 08, 1AY 84 1.37E+02 +/- 1.07E+01
03 JUL 84 05 JUN 84 1.05E+02 +/- 8.80E+00
31 JUL 84 03 Jill. 84 1.32E+02 #/- 3.00E+01
28 AUG 84 31 JUL Si 9.40E+01 +/- 9.40E+00
25 SEP 54 28 DiG 84 1.19E+02 4/ 1.16E+01
23 OCr 84 25 SEP 84 1.29E+02 4/- 1.22E+01
20 NOV 84 23 OCT 84 1.13E+02 /- 3.27E+01

"~i .(



- 29-Orr-A7 Version 1.0
ENVIRONMENTAL SAMPLE ANALYSIS RLSULT REB

09 JAN A2 to 28 JUL 87

Result +/- 2 Sigla
Data 2ff Date On (PCI/L )
.-.. ... ---- -- ----------
16 IC 84 20 NOV 84 1.90E402 t/ 1 .37E#01
24 JA4 85 02 JAN 85 1.5E+02 +/- 1.31E+01
2h FFS 85 ?9 JAN 85 1.46E+02 1/- l.19E+01
02 APR 65 26 FEB 85 2.05E+02 +/ 1.33E01
30 APR 85 0: APR A5 6.37_01 +/- ,2E+_01
24 'AY 95 30 APR 85 8.08E+01 +/- 1.20E+01
02 JUL 55 20 "AY 85 8.75E+01 +/- 1.09Es01
30 JUL 85 02 JUL 85 8.8E+01 +/- 1.09E+01
03 SEP 85 30 JUL 85 8.88E+01 +/- 1.07E+01
oi nCr as 03 SEP 85 1.17E+02 1/- I.13E#01
29 OCt 85 01 OCT 85 1.29E+02 4/- 1.09E+01
03 DEC 85 29 OCT R5 1.32E+0? 4/ 1.20E+01
31 DEC 65 03 DEC 85 1.43E*02 4/- 1.23E401
28 JA4 86 31 DEC 65 1.02E#02 +/- 1.06E+01
25 FE 66 28 JAN R& 1.30E402 4/ 1.21E+01
01 APR 86 25 FEB 86 2.05E+02 +/- 1.03E401
29 APR 86 01 APR 86 1.19E+02 4/ 1.10E+01
03 JUN 86 29 APR 86 9.87E01 4/ 1.03E+01
01 JUL 86 03 JUN 86 6.12E#01 +/- 7.07E#00
2q JUL 86 01 JUL 86 6.12E+01 4/ 7.06E+00
02 SEP 86 29 JUL 86 1.06E+02 +/- 8.19E+00
30 SEP 86 02 SEP 86 8.98E+01 +/- 7.46E+00
28 OCT 86 30 SEP 86 1.16E402 +/ 9.04E+00
02 DEC 86 28 OCT a6 1.04E02 t/ 8.29E+00
30 DEC 86 02 DEC 86 8.53E+01 +/ 7.52E+00
03 FES 87 30 DEC 86 7.62E+01 4/ 9.19E+00
03 4AR 87 03 FEB 87 6.76E+01 +/n 9 39E+00
J1 mAR 87 03 4AR A7 5.37E+0 +/ 8.83E+00
28 APR857 31 MAR 87 2.07E+02 +/- 5.0E+00
02 JUN 87 28 APR 87 9.40E+01 +/ 6.04E+00
10 JOIN 87 02 JUN 87 7.13E+01 4/ 5.17E+00
28 JUL F7 30 JUN 87 7.09E+01 ./- 5.26E+00

Fraction
Minimums
Plaximu.z

of ResultslL 75/ 75
3.95E01 (22 NfV 83)
I.?SF+n2 (19 FEB A2)

iedilan: 1.13E#02

Comments

C 2)

Meant 1.19E+02
Standard Error of eant 1.241401
Standard Deviationt 2.084E02

Pago 2

I.-

'I-

I-,

I,-

'V

w4
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Version 1.0
EIJVIROUMENTAL SAMPLE ANALYSIS RESULT REP

0 JAN 82 to 28 JUL 87

WATER
Samp 2 1000

RIVER WATER
RICHLAND PimP HfhuSE

CUMULATIVE UNFILTERED

208/10 I 3

Date Off

09 JAN 82
2? JAd S?
05 FEB s2
19 FEB 82
02 4AR 82'
16 'AR 82
30 MAR 82
13 APR 8?
27 APR 82
22 MAY 8?
38 MAY 82
08 JUN 42
29 JUN 8?
03 ALG 82
31 AUG 62
21 SEP 82
26 OCT 82
23 NOV 52
07 DEC 52
t5 JA4 53
15 FF8 83
15 MAR 83
12 APR 83
10 MAY 83
07 Jill 83
05 J~lL 83

27 SEP 83
25 OCT 63
22 NOV83
20 DEC 83
14 FE8 84
13 MAR 84
10 APR 84
08 MAY 84
05 JUN 84
03 JUL 84
31 JUL 84
28 AUG 84
25 SEP 84
23 OCT 64
20 NOV 84
18 DEC 84

Pate On

02 JAN I
15 JAN I
29 JAN I
12 FEB j

30 MAR 1
20 APR I

11 MAY

12 JUN I
13 JUL
03 AUG
31 AUG
21 SEP
26 OCT
21 NOV
05 JAN
in JAN
IS FEB
22 MAR
12 APR
30 MAY
07 JUN
05 JUlL
02 AUG
30 AI
27 SEP
2-w"
22 NOV'
17 JAN
14 FEB
1 'AR
t0 APR
08 MAY
05 JON
03 JUL
31 JUL
20 AUG
5 SEP

23 OCT
20 NOV

Result +/- 2 Sigma
(PCI/L ) i Comments

2.06E402 4/- 1.69E401
2.19E+02 +/- 2.09E+01
3.57E402 +/- 1.69E+01
6.68E+02 T/- 2.29E+01
2.snE.02 +/- 2.09E+01
3.30E+02 +/- 2.09E+01
2.86E+02 +/- 2.09E+01
1.78E+02 +/- 2.09E+02
1.57E02 4/- 2.04E+01
1.34E+02 +/- 2.0(4E01
1.12E#02 +-2.00E+01
3.53E+02 +/- 1.60E+01
1.00E02 4/- 1.40E+01
1.54E+02 4/- 1,40E+01
1.49E402 4/- I.40E+01
1.20E02 4/- 3.50E+03
3.51E02 1/ 3.40E+01
2.17E+02 +/- 1.40E#01
1.42E02 4/- 1.40E+01
9.07E+01 4/ 2.34E+01 1 2)
1.11E02 4/- 1.36E401
1.34E+02 +/- 1.40E+01
1.94E+02 1/ 3.53E+01
t.49E402 +/- 2.06E401
1.63E402 4/- 2.09E+01
1.09f+02 t/- 1.74E01

Ir.SSF4OZ 4/ 1.49E+011.55F+02 +/- 1.441+01
1.33E+02 4/- 1.4SE+01
3.93t+01 +/- 1.42t+01
7.StE401 1/- 3.27E+01
1.37E+02 /- 1.23E+01
2.50E+02 4/- 2.25E+0
2.0OE+02 /- 1.05E+01
3.56E+02 +/- 3.08E+01
1.79E+02 +/- 3.31E+03
2.59E+02 +/- 8.30E#00
1.34E+02 +/- 1,00E+01 k
1.44E+02 +/- 9,90E00
2.70E+02 4/- 1.39E+01
1.76E#02 4/- 1.39E+01
1.32E+02 4/- 1.26E+01
1.85E+02 t/- 1.88E+02L
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Version 1.0
EtIVIROIIFNTAL SA14PLE ANALYSIS RESULT Off

09 JAN 82 to 28 JUL 67

Pao*

THE SAMPLE 12/18,Al - 12/26/84 WAS INADVERTANTLY Dil
FROM THE OECFMHElR COMPOSITE.
SAMPLES WERE NAT COLLECTED 12/29, 1/4, AND 1/18. TH
ONLY ENOUG4 WATER TO RUN ALPHA, BETA, U, AND ENRICHE
THE CO'qPOSIrE 12/2A/82 - 1/18/83.
SAMPLE TAKEN 12/IS/R4 - 11/26/A4 WAS IfOADVERTAN-tLY 0
FRfM THE DECEMBER COMPOSITE.
GRA SA4PLE SUIJSTITOTED.
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An Assessment of Aquifer Intercommunication in the B Pond - Gable
Mountain Pond Area of the Hanford Site. RHO-RE-S-12P
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RHO-RE-ST-12

1.0 INTRODUCTION

In 1943, the Manhattan District of the U.S. Army Corps of Engineers chose

an unpopulated semiarid region of the Pasco Basin in Washington State as the

location for the Hanford Engineering Works. The site (Figure 1) was selected

because of the need to isolate the first nuclear plants for national security

reasons and to have a large area for isolating nuclear wastes from the public.

Today, the Hanford Site is a U.S. Department of Energy (DOE) facility, and

Rockwell Hanford Operations (Rockwell), a prime contractor to DOE, is respon-

sible for nuclear waste management at Hanford.

Nuclear waste management at Hanford includes disposing of large volumes of

liquid wastes to the ground (via ditches, ponds and underground cribs) and

storing highly radioactive solutions in large underground steel lined rein-

forced concrete tanks. The waste management (disposal and storage) facilities

are located near the chemical processing facilities in the Separations Area

near the center of the Hanford Site. Normally, the radionuclide concentrations

of the waste discharged to the ground average below maximum permissible concen-

tration guidelines; however, occasional, nonroutine, releases of higher concen-

trations have occurred. As a result of these disposal practices, the uncon-

fined aquifer underlying the Hanford Site has become contaminated (below

applicable guidelines) and the water table has increased in elevation.

There is a series of confined aquifers in the interflow zones and inter-
beds between the dense basalt flows that underlie the sediments containing the

unconfined aquifer. When postglacial flood waters and the ancestral Columbia

River flowed between Gable Mountain and Gable Butte (Figure 1), portions of the
basalt flows separating the unconfined and confined aquifers were eroded.
Later the water table rose to levels exceeding the potentiometric surface of
the upper confined aquifer, i.e., the Rattlesnake Ridge aquifer. This action
created the driving force for the transport of contamination downward-to the
Rattlesnake Ridge aquifer through these areas of erosion, a phenomenon known as
aquifer intercommunication.

1



REFERENCE 32

Memo to file from WS Weygandt regarding Personal

Conversation with Frank Trent concerning TUC Irrigation

Intake, August 12, 1987; including note to file from

RD Stenner on October 29, 1987, concerning Crops Grown

on the TUC 160 Acres



File Note

Date: 10/29/87

From: RD Stenner AO
Subject: Crops Grown on the TUC 160 Acres

The 160 Acres that are irrigated by the Tri-Cities University Center are used
to grow alfalfa which is used as cattle feed.



1"BateIie
Paaflc Northwest Laboratories

File/LB

oat August 12, 1987

TO File

FMM W. S. Weygandt '

ui rsUniversity Center Water Intake

A telephone conversation with Frank Trent, the ground's manager at TUC, revealed
that TUC draws water from the Columbia River to Irrigate approximately 160
acres. The Intake Is located directly behind the Center, which is located on
Sprout Road.
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Memo to file regarding recreational use of the

Columbia River from DR Shenvood, August 26, 1987



O Baltelle
Pacific Northwest Laboratories

D0. August 26, 1987

Project Number

Internal Oisuibution

KH Cramer
RD Stenner
File/LS

TICC Cle
To

From

Subjcnt

OR Sherwood

Recreational Use of Hanford Reach

The Hanford Reach of the Columbia River has many recreational uses.
Sportsman's access for fishing and waterfowl, big game, and upland bird
hunting is provided at several locations. Access points to the Columbia
River along the Hanford Reach are located at the old White Bluffs Ferry
landing, the Ringold Hatchery, and Leslie Grove Park in Richland. I have
fished for steelhead and salmon along the Hanford Reach since 1980.

DRS/mgs
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Battelle Farm Operations Drawing, RC-486 and RC-1147

I I



File Note

Date: 10/29/87

From: RD Stenner ' "

Subject: Telephone Conversation with Dale Schielke (PNL) Regarding
Battelle Farm Operations Acerage

The Battele Farm Operations cover a total of 168.1 acres which are used for
growing forage (food crops). The individual plot acrages are as follows:

62.5 acres
27.2 acres
20.6 acres
22.4 acres
5.7 acres
6.0 acres

14.0 acres
9.7 acres

168.1 acres total
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REFERENCE 35

Data Comoilation: Iodine-129 in Hanford Groundwater, WHC-EP-0037
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REFERENCE 36

Letter From RD Stenner to OM Bennett Regarding Ground Water Contaminant
Plumes in the 100 Area, 200 Area and 300 Area, October 14, 1987

Note: Only the 200 Area attachments are included in this package



OBanelle
Pacific Northwest Laboratories
P.O. Box 999
Richland, Washington U.S.A. 99352
Telephone (509)

October 14, 1987 Telex 15-274

Mr. 0. M. Bennett
U.S. Environmental Protection Agency
Region X
Superfund Program
1200 6th Avenue
Seattle, WA 98101

Dear Dave:

Enclosed are the three descriptions of the 100 Area, 200 Area and 300 Area
ground water contaminant plumes we discussed on the telephone yesterday. I
have included some attached figures and maps to help show the independency of
the detected ground water contamination in each of the three aggregate areas.

If there are any questions regarding the descriptions, please contact me at
509-375-2916.

Sincerely,

R.D. Stenner, Sr. Research Engr.
Earth and Environmental Sciences Center
GEOSCIENCES DEPARTMENT

RDS:th



200 Area Ground Water Contamination

The ground water tritium plume from the 200 Area is a discrete plume
determined as the result of several years of ground water monitoring. The
attached map shows the extent of the defined plume. As can be seen from the
attached map there is considerable distance between the defined aggregate
areas and their associated plumes. The seeps discussed as entry points for
the contaminated plume to enter the surface water are within the defined
plume and no upstream (upstream from the identified seeps) samples of the
surface water indicate any influence on the tritium concentrations at the
identified seeps. The 200 Area tritium plume enters the river between river
mile 27 and river mile 33 as described in the document PNL-5289 (Reference
3).
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REFERENCE 37

Letter From RD Stenner To OM Bennett Regarding Liquid Waste

Sites and Burning Pits, October 26, 1987



O) Baltelle
Pacific Northwest Laboratories
P.O. Sox 999
Richland. Washington U.S.A. 99352
Telephone 15091

October 26, 1987 Telex 15-2874

D.M. Bennett
EPA/NPL Coordinator
EPA Superfurd Program
U.S. Environmental Protection Agency Region X
1200 Sixth Ave.
Seattle, Washington 98101

Dear Dave:

Per your telephone request, enclosed are the statements on liquid waste sites
and burning pits. It is our understanding that you will incorporate them as
references in the appropriate sections of the NPL packages and provide us
with a finalized copy of the Oackages following completion of the MITRE Corp.
review.

If there are any questions regarding these statements, please don't hesitate
to contact me at 509-375-2916.

Sincerely,

R.D. Stenner, Senior Research Engineer
Environmental Pathways and Assessment Section
Geosciences Department
Earth and Environmental Sciences Center

RDS:dar

ENCLOSURE

bcc: KH Cramer
MS Hanson
DA Lamar
RM Mangin - DOE/RL
TJ McLaughlin
RG Schreckhise
WB Schulze - DOE/RL
DR Sherwood



100, 200, 300 Area Statement Regarding Liquid Wastes

The general operating procedures for liquid waste sites in the 100, 200 and
300 Areas were such that the waste constituents listed for each site generally
entered the process lines and were mixed with each other prior to being disposed
of at the site. This process mixing of these waste constituents occurred
over the period of site operation.



Burning Pit Statement

Due to the time period for which the burning pits operated, the nonhazardous
combustible waste materials (i.e., paper products, cans, etc.) would have
been mixed (i.e., mixed together in the garbage truck or waste container)
with the hazardous waste materials (i.e., paints, solvents, etc.) prior to
the waste mixture being disposed of at the site.

Ie

/



REFERENCE 38

File note from RD Stenner to file on December 2, 1987

regarding Landfill Operations

.4



Date: December 2, 1987

To: File ..

From: R. 0. Stenner

Subject: Operational Assumption for Historical Solid Waste Landfills

In historically operated solid waste landfills where hazardous wastes were
suspected the operation of the landfill did not involve any separation of
hazardous wastes and nonhazardous wastes prior to disposal in the landfill.

Wastes in these landfills is primarily from Hanford Site maintenance/support
activities which could involve hazardous materials originating from the 3000,
1100, 300, 200 or 100 Hanford operational areas.



MEMORANDUM

DATE:

FROM:

RE:

12/18/87

R.D. Stenner

Addendum to December 2, 1987 Letter Regarding Historic
Landfill Operations

The units associated with the December 2, 1987 letter on historic
landfill operation assumptions are as follows:

Horn Rapids Landfill (300 Area)
618-10 (200 Area)
618-11 (200 Area)
213-J&K (200 Area)
Central Landfill (200 Area)



.- REFERENCE 39

Environmental Monitoring at Hanford for 1985
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PNL-5317
UC-41
UC-11-
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I
Environmental Monitoring
at Hanford for 1985

V
K. R. Price, Editor

May 1986

Prepared for the U.S. Department of Energy
under Contract DE-AC06-76RLO 1830

Pacific Northwest Laboratory
Operated for the U.S. Department of Energy
by Battelle Memorial Institute
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SURFACE-WATER MONITORING

The Columbia River constituted the primary environmental exposure pathway to the public for
radioactivity in liquid effluents. Radionuclides in the river have decreased significantly since the
shutdown of the plutonium production reactors with single-pass cooling systems and the installation
of improved liquid effluent control systems at the N Reactor. However, radionuclides associated with
Hanford operations continued to be routinely identified in the river water during 1985.

In addition to the river, four onsite ponds were sampled periodically to determine radionuclide
concentrations. These ponds were accessible to migratory water fowl as well as other animals residing
on the Site. As a result, a potential biological pathway existed for the removal and dispersal of any
contaminants that may have been present in the pond water and sediments.

COLUMBIA RIVER

The Columbia River is used as a source of drink-
ing water onsite as well as at communities down-
stream of the Hanford Site. As a result, the
Environmental Protection Agency and the State
of Washington drinking-water regulations are
applicable (Appendix C). In addition, the river is
also used extensively for crop irrigation and
recreational activities such as fishing, hunting,
boating, water skiing, and swimming. In view of
this, the river water continued to be closely
monitored for radionuclides of potential Han-
ford origin. Samples taken upstream and down.
stream of the Site are analyzed for selected
radionuclides at frequencies commensurate
with their half-lives and their importance as ei-
ther verifiers of waste containment or indicators
of potential environmental impacts. Radionu-
clides of primary significance in the river are 3H,
wCo, "Sr, "Sr, 3I, 129, iCs, l92"Pu, and ura-
nium (U).

Sample Collection and Analysis

Samples of Columbia River water were collected
throughout 1985 at the upstream and down-
stream locations showrL in Figure 23. The up-
stream sampler was located approximately
mid-stream within Priest Rapids Dam and col-
lected samples as water passed through the
dam. Priest Rapids Dam is located approxi-
mately 5 miles upstream of the Hanford Site
boundary. The downstream samples were col-
lected at the 300 Area and City of Richland water-
supply intakes. The 300 Area sampling location
was near the southern boundary of the Site and
collected water from the intake forebay along

the shoreline. The Richland sampler, located
about 2 miles downstream of the site boundary,
collected water from a point approximately 30
feet into the river from the shoreline.

Two types of samplers were used in most in-
stances: a cumulative system that collected a
fixed volume of water at set intervils during
each sample period and a specially designed
system that continuously collected waterborne
radionuclides from the river water on a series of
filters and ion-exchange -resins. Crab samples
were used in a few special cases when routine
equipment was inoperable.

Thecumulative samplers consisted of a timer-ac-
tivated solenoid valve that periodically diverted
a continuously flowing substream of Columbia
River water into a 10 2 container. This cycle re-
peated itself throughout the 1-week sample pe.
riod such that approximately 30 miof waterwere
collected every 30 minutes. The 10-e sample
containerwas changed every week.and the sam-
ple was taken to the laboratory, where the water
from a single location was composited over a
4-week period prior to analysis, resulting in a
total sample size of approximately 40 2. Tritium,
"Sr, "Sr and uranium were the radionuclides of
interest in the samples collected with the cumu-
lative sampling system.
A special system was used to separate the ra-
dionuclides from river water prior to analysis. A
large volume of water was required to allow the
extremely small concentrations of certain ra-
dionuclides in the river water to be detected.
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FIGURE 23. Columbia River Water Sampling and Onsite Pond Locations

River water flowed through the collection sys-
tem at a rate of approximately 50 m t/min, result-
ing in a total volume of about 1000 V sampled
during each 2-week sample period. Suspended
particulates greater than 0.45 am in diameter
were removed from the water on a.series of
filters, and soluble radionuclides, except tri-
tium, were collected on a mixed-bed, ion-ex-
change resin column. The filters and
ion-exchange resin were exchanged every 2
weeks and analyzed for gamma-emitting ra-
dionuclides. The filters and resin from each loca-
tion were then composited separately for
quarterly analyses of , 23Pu, and Pu.

Results

The results of the analysis of Columbia River
water samples collected during1985 are summa-
rized in Tables A.13 and A.14, Appendix A. Sig-
nificant results are discussed and illustrated
below, with comparisons to previous years' re-
suits provided as well. Radionuclides consis-
tentlyobserved in measurable quantities in river
water during 1985 were'H "Sr, U, ", "'Cs, and
m."cPu. All of these are reportedly present in
effluents from Hanford facilities and exist in
worldwide fallout as well. In addition, 3H and U
occur naturally in the environment.

Annual average concentrations of tritium mea-
sured upstream and downstream of the Hanford

11121



Site during 1985 were 110 pCilQ and 150 pCi/i,
respectively. Figure 24 provides a comparison of
monthly tritium concentrations observed in
river water, showing that concentrations down-
stream were generally higher than those up-
stream during the year. Statistical tests indicated
that the difference between the downstream
and upstream concentrations was significant."
Sources of tritium entering the-river were efflu-
ent releases from N Reactor and ground water
entering the river along the Site (see "Effluents,
Waste Disposal, and Unusual Occurrences" and
"Ground-Water Monitoring"). The concentra-
tions of tritium observed in the river during 1985
were similar to those observed duri'ng recent
years and were comparable to measurements
made on Columbia River water by State of Wash-
ington personnel (DSHS 1985). Figure 25 pro-
vides a comparison of the annual average
concentrations of 'H, "Sr, and U for the period

(a) Paired sampl, companrion, -test of differences
(Snedecor and Cochran 1976).

1981 through 1985. All observed tritium concen-
trations were well below the State of Washing-
ton and EPA screening level of 20,000 pCi/, for
drinking water.

The WSr concentrations measured upstream and
downstream during 1985 were essentially the
same (0.15 pCiN and 0.16 pCI/2, respectivey).
Figure 25 shows the annual average Sr concen-
tration to be slightly higher at the downstream
location, consistent with observations made in
past years. How'ever, differences observed
since 1981 have been very slight, especially
when the uncertainty associated with the aver-
ages is considered. Figure 26 presents the
monthly "Sr concentrations observed during
the year at both the upstream and downstream
locations, demonstrating that downstream con-
centrations are not consistently higher than the
upstream concentrations. Statistical tests also
indicated that the difference between upstream

2o
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FIGURE 24. Tritium Concentrations Measured in Columbia River Water During 1985
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and downstream concentrations was insignifi-
cant. The only known source of "Sr entering the
Columbia River was from the 10ON liquid-waste
disposal facility, which reportedly discharged
8.7 CI to the riverduring 1985. All 9Sr concentra-
tions observed during 1985 in the Columbia
River water were well below the State of Wash-
ington and EPA screening level of 8 pCi/for
drinking water.

Strontium-89 concentrations in Columbia River
water collected upstream and downstream of
Hanford were generally below the detection
level during 1985. As in past years, average con-
centrations of "Sr were essentially the same up-
stream and downstream of the Site (0.087 pCi/
and 0.100 pC/f, respectively).

Uranium concentrations in 1985 continued to be
slightly higher in samples of Columbia River wa-
ter collected downstream of Hanford than in
those collected upstream, as shown in Figure25.
While the difference in the annual averages up-
stream versus downstream (038 pCi/N and 0.48
pCi&, respectively) is very slight, monthly values
observed during the year were generally higher
at the downstream location, as Figure 27 shows.
All uranium concentrations observed during
1985 correspond wtith doses well below the State
of Washington and EPA standard of 4 mremyr
for drinking water. Although there is no direct
discharge of uranium to the river, it is known to
be a primary constituent of the ground water
beneath the 300 Area (see "cround-Water Moni-
toring" section) and has been detected at ele-
vated levels in riverbank springs entering the
river in this area (McCormack and Carlile 1984).

As in the past several years, '"I concentrations
continue to be higher in downstream riverwater
than upstream. The average upstream and
downstream concentrations in river water dur-
ing 1985 were 9 aC/2 and 88 aC/2, respectively.
lodine-129 in the river is attributable to the flow
of ground water, which is known to contain "91,
from the unconfined aquifer into the river (see
"Ground-Water Monitoring" section). Figure 28
provides the quarterly 'I1 results for the up-
stream and downstream locations and also
shows the average quarterly flow rate of the
Columbia River for 1985 and the previous 5
years. As the figure shows, the differences ob-
served during 1985 between the upstream and
downstream concentrations were similar to the
differences observed in past years. The figure
also illustrates the influence of the river flow rate
on the downstream '29 concentrations, as
higher flow rates are associated with reduced
concentrations, and vice versa. As has been the
case for other radionuclides, the concentrations
of '2i observed in the Columbia River water
during 1985 were well below those concentra-
tions which would result in doses exceeding the
State of Washington and EPA Standard for drink-
ing water, 4 mrem/yr.
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Memo from Kathleen Galloway, MITRE, to Sandy Crystall, EPA
December 29, 1987



To:

From:

MITRE

Sandy Crystall,
Acting Chief for NfL Operations,
Environmental Protection Agency (EPA)

Kathleen Galloway, Member of the Technical
The MITRE Corporation

Date: 29 December 1987

Staff

Subject: The Toxicity of Uranium and Plutonium

Copies: B. Myers, S. Parrish

According to Sax, uranium is a highly toxic element on an acute basis
as well as on a radio-toxic basis. For this reason the Agency feels it is
appropriate to assign a value of 3 for the toxicity of uranium.

Sax states that the toxicity of plutonium compounds is based first upon
the very high radio-toxicity of the plutonium atom. In addition, the
permissible levels for plutonium are the lowest for any radioactive element.
Therefore, although a method for assigning toxicity values for
radio-nuclides is not established, the language in Sax would appear to
justify a toxicity value of 3 for plutonium.

KG/js

The MITRE Corporation
Civil Systems Division

7525 Colshire Drive. McLean, Virginia 22102.3481
Telephone (703) 883-6000/Telex 248923


